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ANCIENT FINGER PRINTS IN CLAY 


By Dr. HAROLD CUMMINS 


OFESSOR OF ! tO0S8CO 


WHERE men are and where men have 
there occur various traces, or tracks 
traces to be considered here are of a 
impressions of the fingers 


. , } 
singie Kina, 


things which have been handled or 


hed. A finger may leave its imprint 


as a transferred film of natural skin 
secretions or of some other medium with 
which the finger has been smeared, and 

the digit is pressed into a plastic sub 
stance such as clay its impression is then 
n the form of a mould, shallow or deep 
with variable conditions of 
Phese 

eo 


fingers are of special interest as traces. 


in accord 


mprinting. moulds of human 


in clay they may be preserved 


since 


through the centuries. A few examples 
f ancient prints are presented, not only 

r their intrinsic interest but to provide 
the setting for discussion of a moot ques 


+ 


as to whether 


such prints in clay ever were made 


ion In finger-print history, 
with 
an aim comparable to that of present day 
identification 

identification 


Certain principles of 


method must be first introduced For 
the registration of individuals, whether 
n criminal or non-criminal files, impres 
sions of the digits are printed on cards, 
isually in ink. All ten digits are re- 
orded in orderly series and with care to 
ensure that the details of the ridged skin 
are clearly and fully imprinted. Filed 
cording to a classification of the finger- 
The word ‘‘finger’’ is used throughout in 
generic sense which embraces thumbs as 


| as the fingers proper. 
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FIG. 1. LATENT PRINTS ON THE BACK OF A SHEET OF CHECKS 
DEVELOPED WITH SILVER NITRATE. THE SHEET, FROM A CHECK BOOK USED 
FORGERIES, HAD BEEN CARELESSLY HANDLED BY THE INVESTIGATORS. SUCH CHAN¢ 

ON PAPER MAY BE LIKENED TO IMPRESSIONS PRODUCED IN THE HANDLING OF SO 


If 


proper treatment, this page would reveal 


spicuous or invisible subjected To 
impressions, Just as prints were devel- 
oped on the sheet of checks illustrated in 
Fig. 1] 


telling illustration of latent prints but a 


an example which is not only a 


practical warning, in that investigators 
of a case of forgery carelessly handled 
these checks, obscuring a source of evi- 
dence with their own prints! 

Having 
and those made intentionally for identi- 


distinguished chance prints 


fication, it is to be emphasized that some 
impressions are identifiable, while some 
To say that a print is identi- 


are not. 


used by courtesy of M, Edwin 


* Fig. 1 is being 


O’Neill and the Journal of Criminal Law and 
Criminology. Fig. 3 is from Badé, by courtesy 
of the Palestine Institute of the Pacific School 
of Religion. Fig. 4 is from Laufer, by courtesy 
of the Field Museum of Natural History. Fig. 
5 is by courtesy of Professor A. D. Fraser. Fig. 
6 is from B. C. Bridges and Fig. 7 from Earl 


H. Morris. Fig. 8 is by courtesy of the Middle 
American Research Institute, Tulane University. 


Photograph by Roy Trahan. 


fiable does not mean necessaril 

identity of the maker can be dis 
this being obviously impossible 
absence of some form of registrat 
reference; the point is simply t! 
adequate 
to 


print is technically 


the same dig 


parison with another, 
from 


When prints are r 


whether it is 
different one 
for identification it is to be expect: 
they satisfy that purpose, but 

prints are often useless for comp 
the of the 


may be indecipherable or the ay 


since markings skin 


area lacking in sufficient details to « 


lish identification 
oped latent prints, may be mere s! 


Ink prints, or 


or blobs, and prints in clay may b 
larly devoid of ridge details, t! 
identifiable. We 
cerned with both classes. 


are 
In Fig 
will be seen a complete and clear i 
sion printed in ink, typical of the 
of identification 


being 


nique records 


to be 
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ANCIENT FINGER 


printed lines, which represent the 
mmits of the delicate skin ridges, ex 
hit numerous ‘‘minutiae’’—forkings, 
ngs and abbreviations in length 
‘ven a portion of such a print is 
entifiable when it contains a sufficient 
mber of ridge details, individually 
stinetive as they are. The companion 
istration is a blob, utterly useless for 
lentification. With regard to prints in 
it may be noted that occasionally 
is in Figs. 3, 4, 5) thev are identifiable, 
while others (Fig. 6) are featureless ex 
avations in the clay, corresponding in 
their lack of individual markings to the 
blob made with ink 

Its documented history dating only 
from the latter part of the nineteentl 
entury, the present finger-print systen 

ay have originated quite indepen 
lently of finger-print practices followed 

ng ago in the East. The history of 
these practices has been pieced through 
the efforts, among others, of the late 
Berthold Laufer, in his ‘‘History of 
the Finger-print System,’ of Robert 
Heindl, in the historical sections of 
“System und Praxis der Daktylo 
skopie,”’ the most comprehensive hand 
book in its field, and of George Wilton, 
in the recent work, ‘‘ Fingerprints: His 
tory, Law and Romance.’ Their ae 
counts contain descriptions of numerous 
instances of finger marks applied to 
deeds, contracts of loan and other doeu 
ments; one example will suffice to illus 
trate the characteristic employment of 
these marks. 

Wilton cites a Chinese contract of loan 
executed nearly twelve hundred years 
ago, bearing the prints of witnesses as 
well as those of the parties to the con 

2 Smithsonian Inst., Annual Report, 1912, py 
631-652. This was followed up in a brief not 
by Laufer, Science, n.s., 45: 504-505, May 25 
1917, 

Berlin and Leipzig: Walter de Gruyter and 
Company, 3rd ed., 1927. 

‘London, Edinburgh and Glasgow: William 
Hodge and Company, Ltd., 1938 
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FIG. 3. ON PALESTINIAN 


4 CLEAR IDENTIFIABLI 


\ MOULDED PALESTIN 


PERIOD, THI FOURTH ¢ 


PRINT ON A FRAC 


LAMP 
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AN LAMP BYZANTINE 


R FIFTH CENTI 
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FIG. 4. A CHINE 
MADE NOT LATER THAN 
THE OBVERSE SIDE OF 
SEAL-IMPRESSED NAMI 
THE MAKER. WAS THI 


ISE SEAL OF 
THE THIRD CEN 


THIS CLAY PAT 
PRESUMABLY 


CLAY 
TURY B.C. 
BEARS A 


THAT OF 


THUMB PRINT APPLIED AS 


AN IDENTIFYING MARK IN THE CURRENT 


FINGER-PRINT 


IDENTIFICATION ? 


SENSE OF 


exceptional, blobs are not unknow) 
to-day in official files.° It must be 

ted that even if ancient reeords 
an overwhelming majority of 
rather than clear prints, the 
of the fault is not a final arew 

lack of intention to make ident 


fy. 
iret 


prints Borrowers and lenders 
signed their notes, buyers and sx 
applied prints to deeds, and in thes 
other transactions the prints of w 
sometimes were added. If there 
finger-print science in their times ¢ 
ness in its methods hardly could 
been a qualification of many s 
busily oceupied with other 
Even now there are persons wl 
the notion that any finger mark, ho 
blurred, is fit for identification, ar 
product of their finger-printing 1 
be no better... On the other hand 
not follow that the presence of clea 
tails such as are found occasionall) 
other ancient documents, in China 
elsewhere, is in itself evidence that 
prints were made for true finger-| 
identification Both clear prints 
blobs alike may have established, in s 
instances at least, only what ma 
designated a ‘‘token identification 
Prints in old clay ware figured 
history of modern identification met! 
to the extent that one of the pionee: 
finger-print science was led to his in 
tigations through an interest first st 
lated by observing them. In 1880 I: 
Faulds (1843-1930), a Scottish med 
missionary then stationed in Japan 
dressed a letter to the editor of Na/ 
Among other matters of less imme 
practical bearing, this letter dir 
attention to the usefulness of prints 
> For example, M. Edwin O'Neill (Jo ( 
Law and Criminol., 30: 929-940) reproduces 


thumb prints accompanying the medica 
nation of a sailor in the Merchant Marine 


prints are solid blobs of ink which ke 
shown here in Fig. 2, would be utterly 
for identification. 


6 Nature, 22: 605, October 28, 1880. 
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ated the genesis ol his interest in syste! 
er lmpresslonus ; teent! | 
king er some 8s] mens of prehis that imp ts 
’ pottery found in J span, I was led, about applied . ~t . 
gi giv son ittentilo! » the charac persona 
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er SeTIS¢ tT! 
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FIG. 5. FRAGMENTS OF TWO FIGURINES FROM SELEU IA, MESOPO 


THE IMPRESSIONS ARE ON HE INNER FACES OF THE Fi 
THE MOST NATURAL AND EFFEC VE WAY OF APPLYING TH 0 
AR FORM ENLARGED ONE AND vo 
be of | but ¢ mparis f *h fing . ¢_,] ; 
be of much use, but a comparison of such finger present-day etl 
tip impressions made in recent pottery led n r { 
pressk ade 1 | é ed ie finger-prin 1, 


observe the characters of the skin-furrows In 

nace mirposel 
uman fingers generally. ma pur] 
eording to 1TS Col enrtlons 


Anticipating the dealing with indi nated identify » 

vidual examples of finger prints on an bolic associations of the fingers 

cient clay seals and tablets, pottery, hands) appear to have bee 

figurines and bricks, a preview of the tion of at least sor 

possible explanations of their occurrence — recordings of finger marks . 

may be helpful. (1) It must be granted, imprints in clay doubtless were of U 

as Laufer has pointed out, that there was import. The sense of “"identifeatio s 
recognition of the individual variability here quite different from that of 1 
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of finger-print characteristics before the print klentification 


ot mane 














oo4 
tent of such imprints would be simply 
made by the 
‘*svympathetie relation’’ 


to register marks person, 
establishing the 
Laufer, and if they 
identifiable 
prints that result was fortuitous. The 
blobbed, 
which served the purpose may be ealled 
token finger marks, and the ‘‘identifica 
afforded by them a token identifi 


3) Since fingers are ever-ready 


as it is termed by 
proved occasionally to be 


finger prints, identifiable or 


tion’”’ 
cation, 
tools it would not be surprising if they 
were used in certain instances for the 
making of recognition marks on plastic 
objects. Variable placings and different 
numbers of fingers plunged into the still 
soft clay of bricks, pots and other objects 
would make it possible to identify the 
makers or to designate other sortings of 
Such marks will be distin- 
But it 
be apparent that finger signs are by no 
the identifying 


identification. 


the products 


guished as finger signs. should 


means comparable to 
prints of finger-print 
Their purpose would have been accom- 
plished as well if sticks instead of fingers 
had been employed for marking, unless 
there were involved as well some element 
identification. (4) Finally, 
considering that 
worked into form by the fingers, it must 
that a share of the prints 
the 
chance impressions of these natural tools. 


of token 
plastic clay has been 
be evident 
preserved in finished objects are 
Let us call them chance prints, signify- 
ing that as prints they were not applied 
purposefully, notwithstanding 


in the act of grasping or modeling the 


purpose 


soft clay. 
In connection with finger prints in 


clay Laufer states: 


Finger marks may naturally arise anywhere 
where potters handle bricks or jars, but every 
expert in finger prints will agree with me that 
these are so superficial as to render them useless 
for identification. A clear and useful impres 


sion in clay presupposes a willful and energetic 


action, while the potter touches the clay but 


slightly. However this may be, we are not will 


ing to admit as evidence for a finger-print sys 
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tem any ings 
in pottery of any p 
proof can be furnished that suel 


wtually served for t 


Laufer’s general position on t] 
dential status of prints in potte 
disagreement, but 


no ground for 
mistaken in the belief that chance 


on pottery are invariably useless 
identification, as will be shown 
ample. And he is mistaken also 
analysis of the mechanical fact 


volved in the production of clear p 


On the basis of experiments wit! 
and other plastics, and by obser 
of imprints in pottery, the writer 


that so long as the imprinting fing: 
applied without dragging whicl 
blur the the 

determining clearness of the print 


print, important 


the texture and consistency of the 


A coarse-textured clay will not 
prints which are identifiable, nor 
is either of 
thin consistency or too firm. Attent 
to the two « 


de ntifi 


even a fine clay if it 


be recalled, finally, 
notations of the 
The ‘‘strict proof’’ demanded by Lau 


may 
word 


‘‘that such marks have actually se. 
for the purpose of identification,’’ is 
the sense 


identificat 


we broaden 
token 


lacking if 
word to 
Some ancient prints on clay, like thos 


include 


the Chinese documents and the clay s 
mentioned below, are pedigreed asso 
tions with particular persons, reco! 
with the object of ‘‘identifying’’ tl 
with their 


persons contractual ob 
‘‘Tdentification’’ of this s 


tions. 
bears a close relationship to the sig 
illiterate. Neit 
the illiterat 


of a document by an 
blob 


cross mark possesses qualities by wi 


a finger-print nor 


identification can be established ob 
tively, yet each carries weight as a s 
the 


identification is 


of bodily action of individ 


KF inger-print ent 
objective, quite unrelated to the aims a 


procedures of the token identificat 
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effected by applying any sort of finger 
mark 

Among the clay objects which are of 
interest in connection with finger-print 


history are Chinese seals. Laufer pre 


sents an extensive discussion of such 
seals, and from his account the following 
information is taken 
first 


extensively in 


century B.c. clay seals were used 


sealing documents, writ 
ten at that period on slips of bamboo or 
wood, official letters and packages. Some 
among the several specimens specially 


described by Laufer were moulded 
around fingers, and there is one, thought 
later than the 
third century p.c., bearing a firm, clear 


(Fig. 4 


out that the application of such a print 


to have been made not 


thumb print Laufer points 
and the manipulations of other examples 
indicate that 
point in these clay seals was a certain 


‘the primary and essential 


sympathetic relation to the fingers of the 


owner of the seal si He continues : 


Here we must call to mind that the seal in its 
origin was the outcome of magical ideas, and 
that, according to Chinese notions, it is the 


a person’s good faith; indeed, the 


pledge for 


seal,’’ is explained by the word sin 


word wen. ** 
at a 
ficed figuratively part of his body under his oath 


The man attesting a document sacri 
that the statements made by him were true, o1 


that the promise of a certain obligation would 
be k« pt. 
member; indeed, it was immediately copied from 


with the flesh blood of the 


The seal assumed the shape of a bodily 


it and imbued and 


owner 


This thumb-print specimen, of all the 
imprints in clay known to me, is the only 
instance which seems entitled to serious 
consideration as a possible identifying 
print. Its importance is therefore such 
that Laufer’s interpretation should be 
stated in his own words: 


It is out of the question that this imprint is 
due to a mere accident caused by the handling 
of the clay piece, for in that case we should see 
only faint 
marks, 
identification. 
and sunk into the 
beyond any doubt was effected with intentional 


and imperfect traces of the finger 


quite insufficient for the purpose of 
This impression, howeve r, 18 dee Pp 


surface of the clay seal and 
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nerg nd det ! I Bes 

il proof there is nward 
presence of a seal be ng ! 
nan archaic f , } . 
sla rhis s i l « 

meters long, countersunk 4 n 
surface, 1s exac \ | ~ 

fact clearly pointing } 
between the two li re 30 ng 
ogically, there is 1 ither sign 
than that } t} mb priz } ngs 
of the seal who | is | Ss name ol t] 
his identification mark on the 1 _ 
evidently serving for tl . 
the identity of the sea Chis 
somewhat analogous to tl n 
affixing on title deeds the thumb 
signature, the one being verified | 
his unique specimen is des 


far on record relating to the 


hinge 


r-print system 


withstand 


Not all 


eXamination. It is 


these views 
probable Tt! 
maker of the clay tablet was the 
whose thumb print and seal it 
though it is not impossible that tw 
sons executing a contract might 
cooperated in making the seal, 

impressing his name and the othe 
reason to 


thumb. There is no 


that the thumb was impressed int 
ally. Except in the area of the 
print, the reverse face is rough, s! 
been surt 
While this s 


indicati 


? y 
the ,? 


no evidence of having 
with fingers or a tool. 

might be regarded as an 
purposeful recording of 
neither it nor the quality of the 
unquestionably the 
identifiable 


exists, of 


des 


denotes 
recording of an slgnat 


The 


there is nothing to support the inte! 


possibility course 
tation that this particular impress 
more meaningful as an evidence of 
finger-print identification than ar 
other seals, and much to say agains! 
own statements 


ineluding Laufer’s 


the symbolic significance of seals 
erally. 

Fingers were sometimes impress¢ 
ancient bricks of various localities, 
the storehouse of the 


those from 














ANCIENT FINGER PRINTS IN ¢ 


FIG. 7. SHERDS OF INDENTED CORRUGATED PO 
Y PUEBLO III 


FROM THE LAPLATA VALLEY OF NEW MEXICO EARI 


THI 


MB IMPRESSIONS RESULT FROM USE OF THE DIGI 


~ 














398 THE SCIENTIFIC MONTHLY 


king of the Lagash dynasty in Meso- 
potamia, dating trom about 3000 B.c. 
These bricks are deseribed by Handeoeck’ 
as being plano-convex in shape, each 
bearing a digital impression on the con- 
vex face. Maspero,*® in a general char- 
acterization of Egyptian bricks, states: 
‘*Bricks from the royal brickyards are 
occasionally stamped with the cartouche 
of the reigning sovereign, those from 
private factories are marked with one or 
more conventional signs in red ink, a 
print of the moulder’s finger or the 
maker’s stamp. The greater number 
have no mark.’’ Birch® deseribes the 
unburnt bricks of the Southern pyramid 
at Dashour as mostly having been made 
of ‘rubbish, containing broken red pot- 
ter\ and pieces of stone.’’ He asserts 
that: ‘‘The kinds were distinguished by 
various marks made by the _ finger 
litalics mine! on the brick before it was 
dry. In one instance this seems to have 
been effected by closing the fingers and 
dipping their points into the clay.’’ 
Birch describes also Chaldean _ bricks, 
bearing ‘‘impressions of the five fingers, 
or of a circle, probably the brickmaker’s 
private marks.’’ Some writers on the 
history of finger-print science have cited 
these marks on bricks as evidence of 
early employment of finger prints for 
identification Aside from the fact that 
rough materials used in brickmaking 
preclude identifiability of the prints, it 
is apparent that if the marks served as 
recognition signs their serviceability 
must have been on an entirely different 
basis from that of finger-print identifi- 
cation 

The Assyrian clay tablets on which 
were recorded in cuneiform symbols the 
terms of contracts, deeds and similar 
agreements bear ‘‘signatures’’ both in 

** Mesopotamian Archaeology.’’ New York: 
G. P. Putnam’s Sons, 1926. 

8**Manual of Egyptian Archaeology.’’ New 
York: G. P. Putnam’s Sons, 1926. 

®** History of Ancient Pottery.’’ London: 
John Murray, 1873. 


the form of personal seals and 
impressions (Maspero - The fa 
at least some of the impressions 
indents of the finger nails seems t 
to their nature as token identificat 
The late William Frederic B 
director of the Palestine Instit 
Archaeology, conducted at Ty 
Nasbeh excavations which have led 
identification of the area as the 
Benjaminite Mizpah, the capit 
Judah after Jerusalem was destr 
the Babylonians, 586 B.« The 
tions are exemplars of syst 
method in the removal and ear 
dexing of enormous quantities 
facts, of which pottery fragments 
sent a large share. Many of 
fragments bear identifiable finger | 
on handles at the extremities 
they had been attached to vessels a 
the inside surfaces of moulded 


the latter being the more nearly p: 


impressions. One print, here cop 
Fig. 3, has been used by Badé 


frontispiece of his book, ‘‘A Manu 


Excavation in the Near East,”’ 

its laconie label, ‘‘Finger print 
potter,’’ tells all that can be said 
the identity of the man, only that 


he who moulded the ware. But re 
if 


tions of the prints on many dif 


pieces tell further that it was this 


forgotten potter who made them 
finding which has been put to \ 
dating the origin of confused débr 

In discussing the prints fow 


Badé, Bridges’ expresses his jud; 


that ‘‘these impressions were obv 


intentional and, no doubt, repres 


the workman’s individual trade-n 
The implication of the context 
the trade-mark would have been 


5 


‘‘Life in Ancient Egypt and Ass 


New York: D. Appleton and Company, 


11 University of California Press 


~ 


Badé’s work is reviewed by an ano! 


writer in The Scientific American, \ 
1935.) 
12 Finger Print Magazine, 18: 11, 19 
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though Bade has 
| do 


, moment believe that the potters 


s a finger print, 
ted elsewhere’’ as saying: ** 
rare that their finger prints had 


tinetiveness which is now recog- 


It is the 


impres 


the finger-print system 
of the 


distinguishing 


nd arrangement 
served 


S S vhich as 


s to them This view throws quite 


ent light on the significance of 
nts in question ; ll serving as 
marks,’’ it was not as finger 
ts per se that they proved useful, 


ily their placing and arrange 
the 


supplied identifving signs 
serateches or other markings could have 
served as well. It is not open to proof 


irse, that the prints were impressed 
thei 
sitions in the output of a particular 
Badé’s 


more 


r this purpose. Regularity of 


which is suggested in 


itter 
| I 


comment, might signify nothing 
than regularity of habit in the manipu- 
lations of potting. In attaching a handle 
the potter must needs have impressed a 
thumb or finger in joining it and the ves 
sel with a firm bond. His intention cer- 
tainly was to join them, but the imprint 
Like 


wise in moulding a lamp or other vessel, 
the 


was a by-product of the process 
intention was to determine a particu- 
ir form, and prints would have been 
impressed in the contact. 

In a study of the technology of Pecos 
wares,'* products of our own prehistoric 
Southwest, Miss Anna O. Shepard deals 
with many different types, of which one 


is Of present interest. In the construe 


tion of this type, coiled pottery, clay is 
manipulated into a thin roll which is 

led and welded in a continuous wall 
The marks incident to this method of 


manufacture are effaced in the making 


of a smooth-finished vessel, but they may 


be retained, the successive coils then 
Science News Letter, October 27, 1934 
‘ Pottery of Pecos A. V. Kidder Papers 
the Southwestern Expedition, No. 7, Vol. 2, 
irt 2. Yale University Press. published for 
a a 


ips Academy, 1936 
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FIG. 8. IMPRINT ON CLAY HEAD 


A CLEAR IMPRINT ON THE REVERSE SURFACE OF 
AN ANCIENT CLAY HEAD (MEXICO). THE FIGURE 


HAD BEEN MOULDED IN TWO PIECES, AND THE IM 
PRINT WAS CLEARLY MADE IN THE PROCESS OF 
JOINING THEM ENLARGED FOUR TIMES 


where the pattern is located, the areas 
of impression in some examples show a 
few ridge details, which naturally are 
repeated time after time in the imprints 
of the digit. While the limited number 
of ridge details would not justify a posi 
tive identification under the ordinary 
eonditions, their repeated occurrence on 
prints of the same sherd is itself strong 
evidence that they were made by one 
potter! The prints thus are identifiable, 
with reservations, but they were not 
made for identification. They were im- 
pressed in a potting method which makes 
use of the thumb as a tool. They are the 
exact equivalent, in origin, to impres- 
sions found, for example, on the edges 
of some old Roman pieces. Digits were 
employed in the making of scalloped 
borders, the finger prints resulting as the 


scallops were shaped. The 
prints, no more significant 
standpoint of finger prints ré 
identification than are the 
impressions left by the cook 
the edge of a pic 

In an aceount dealing wit] 
figures of Aztee manufact 
excavated in southern Tey 
Bridges’ considers that the 
of fingers present on some 
have been made as identif 
though he adds the qualify 
tion that it was ‘‘sometimes 
accident,’’ as well as ‘‘ofte: 
[that] the maker must hav 
these earthen forms the trader 
finger prints.’’ Of the seven s 
illustrated in his article 
finger impressions Throuel 
ness I have received copies of t] 
photographs, from which two 
have been selected for repr 


(Fig. 6 Both are heads 
shows on its reverse surface tT! 
of a digit I have examine 


series of similar figures, in tl 
American Research Institut 
University and elsewhere. fF) 
the reverse surfaces of the ol 
excavations which clearly al 
sions of fingers. But their o 
whether on heads of the tvpe casi 
moulds or on hand-modeled fig 
only to the conclusion that th 
are to be explained simply as 
marks of manufacture. At least 
the figures were cast in moulds 
manufacturing significance of 


} 


of a thumb or finger is read 
In so easting a small head t! 
natural procedure would be 


digit in pressing the soft el: 


i\ 
mould. In many specimens t! 
imprints lack signs of the skin 
as if rubbing had effaced thet 
clay were not of optimum cons 
and texture to register these 


15 Finger Print Magazine. 20: 8. 














ANCIENT FINGER PRINTS IN CLAYS 4) ] 





d which shows details was con prints are obvious t] tha 
, n two pieces—the head proper tool marks. Wilh: 
dress being Joined after model discussing similar f . 
details of the skin markings, same localitv, makes s R 
ed in Fig. 8, are fairly clear. to prints oceurt 
rint. far from having an ident}! scribed examples at : 
r symbolic connotation, 1s so general comment on th 
m the back of the figure that its facture 
as a chance imprint produced in li ‘ = . 
ng of the two pieces is indisput tl t : 
s are those observed on a Toltee v 
obviously associated with the a ; 
s to the torso of the separately ; EAN 
| head. arms and legs ( sible : 
ivh the kindness of Professor A this ] ss 
1). Fraser, of the division of archaeology . 
University of Virginia, I am pet = ; , br 
to refer to an excerpt [rom an ‘ 
shed manuscript and to repro s S 
two photograp! s of finger prints ame in ; - . 
ssed in clay. He writes wrther. deacrih . 
siona the pott ss his cla\ ind extel ! 
sare } p vy after tl hie S tions 
a ceased: or he may jab a finger down hard 2°02T@Phy and time of those whiel 
nena ttening the exterior surface of th finishing process or otherwis« mprints 
nd thus sup] s h the desired are to be found whet s 
ssiol In the firing of Romar a suitable consiste) ty S 
the bowls were usually stacked ons } 
iis cell eins eueneiteh on Ou handled In Ons 
ger-tips of the workman as they were placed @™@pies there Is dange! — , 
kil As a res their nder surfaces Fig nes » £ 
numerous prints; but thes¢ ng to tl (Ann Arbor and M 
of the glaz s has been explained gan Press and O i P ) 
re in most a ises I smudges 1 ng S 
B islonally one S seer Ss } tern 1s id I 
reasonably distinet. Our riches i for the ving ( 
study of dactyloscopy amid ancient cerami prints on bases s 
I lucts is found undoubtedly in the nterior dating s 
figurines and lamps. As the figurine is the \ m Turn 
of the hand of the coroplast, or of th Britain and I 
ed by small modelling tools, the print 106-107, 19 ‘ 
smearing wheel is not in evidence. The sam s Males M 
thing is partly true of the ancient lamp and the Grbi l 
plastic vase... . Frequent) \ find we , - D 
lefined prints in their interiors. .. . by the fing S S 
¥ ‘ nter1 ! 
[wo of Professor Fraser’s specimens, : \ . . 
Mesopotamian origin, are shown in .« pits sing 
Mig. 5. The photographs represent in- _ is problen ge 
rior surfaces of fragments of figurines, Y@™ced is tl . 
h showing the ‘‘inechine alone’’ of the ns nage oe ee "s 7 
V important discussior . 


ter’s fingers as he pressed the soft 
into a mould. Again these finger 19092. 
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them meanings which do not actually 
exist. While the historical uncertainties 
associated with their age offer a tempting 
ground for speculation, the availability 
of parallels in modern ceramics stands 
as a constant warning that too much 
license must not be allowed in interpret- 
ing such finger impressions. In my pos 
session there are, for example, a tall 
Holland gin bottle with finger impres 
sions so placed as to show that it was 
grasped and lifted before the plastie 
material had set, a clay jug with similar 
markings, a pottery cup having a finger- 
erimped border bearing a succession of 
prints, and two small moulded teapots 
which are literally covered with impres 
sions of the fingers which formed them. 
In these there is not the slightest reason 
to believe that the finger prints were 
applied as identifying marks in any 
sense. If all the prints on old pottery 


are not to be explained o1 


logical basis, and many of t 


objects are best thus interpret 


not follow necessarily that 


impressions of the fingers wer 


the kind of identification wl 
ticed to-day The intentio 
sions fall into two elasses 


symbolic personal marks, sery 


’ 


identification: (2) marks ma 


1 


ognition, by spacing or numb: 


might be used for that purpé 
print identification in our u 


ye 


sa 


term appears to have been pra 


simple form in times long past 


briefs for its claim to great 
‘f‘evidences’’ which do not 


scrutiny The history of 


‘ 


identification becomes shadow 


traced backward, and oceasio1 


ows of the remote past have 
into standing for substance 


SCIENCE IN PEACE AND WAR 


THERE is indeed a widespread recognition of 


the general effectiveness of science. The ways 
of using secienee and scientific men are being 
slowly discovered. tut the process 1s slow. It 


would, I think, be hastened, if certain funda 
mental truths were generally known and recog 
nized. I venture to state them in the form of 
a few propositions: 

1. Science, that is to say, the knowledge of 
nature, is of fundamental importance to the sue 
cessful prosecution of any enterprise. 

For example, a nation is obliged to make all 
possible use of science in preparation for war, 
whether aggressive or defensive: and, again by 
way of example, in the maintenance of public 
health and social welfare. Of course, science is 
yr a necessity in either case. 


rf 

s 
¢ 
l 


not alone in bein 

2. Science is of general application. There 
are not one science of che mistry, another of elee 
tricity, another of medicine and so on: there are 
not even distinet sciences of peace and war. 
There is only one natural world, and there is 
only one knowledge of it. 

Experience shows that an advance in knowl 
edge or technique or skill in any direction may 
be based on some item of knowledge acquired 
in a far distant field of research. For that rea- 
son, it is necessary to resist strongly a natural 
tendency for those who study science or apply it, 
to separate into groups without mutual com 


munication, 
3. Fruitful inventions are always due to a 
combination of knowledge and of experience on 


spot. Unless the man with kn 
at the place and the time when s 


reveals the problem to b 
fertilizing suggestion. Neither <« 
ing idea suggest itself to the n 
experience only but no knowled 
read the lesson that the experience 


man with knowledge may be a 


special introduction, or. much better 


the man who meets with the experi 


4. There are difficulties peculiar 
cation of science to war purpost 
war proceeds scientists as a body 
put all their knowledge at the s 
country: but when the time comes 


ious to get away to their work on 


y 


4} 


or the applications of science to thé 


peace. Government may preserve 


tunately has preserved a nucleus of 


tifie effort during the last 20 year 


that a certain connection is maintained 


these particular applications and 
body of science, but from the vi 


their respective occupations, and « 


a certain secrecy which one of the tw 


forced to maintain, the connection 


strong. It can easily happen that tl 


! 


nm 


+) 


y 


of a particular difficulty in the war s 


he in some piece of knowledge f: 


ir 


the immediate science of the enterpris 


known to those who need it.—<Sir Will 


in his anniversary address before 
ciety of London. 


the 


Ei 

















LAND TENURE IN TUNISIA 


INTER- AND INTRA-NATIONAL IMPLICATIONS 


By Dr. RAYMOND E. CRIST 


DEPARTM NT O} GEOGRAPH 


Even before the outbreak of the 
esent war, France has persistently 
| to ‘‘appease’’ Italy, in order, 
arily, to have one less frontier to 
end. Since the actual declaration of 
stilities, Italy’s leader has seemed to 
too busy just keeping his country out 
war to make demands on either Ger 
or the Allies. But this does not 
an that Mussolini has given up all 
eas of expansion in Mare Nostrum 
Italian claims are only temporarily dor 
mant. If it became apparent that Ital- 
in aid were necessary to the Allies for 
em to win the war a price would 
ertainly be placed on such aid. And 
part of the price demanded by Italy 
would undoubtedly be that France re 
linquish Tunisia. Has Italy’s ‘‘protee 
tive’’ instinet become aroused, or is the 
‘Lebensraum’’ argument used in ad 
vancing this claim? A study of land 
tenure in Tunisia against its background 
history and power politics may be 
revealing. 

In April, 1880, the great estate of the 
Enfida, which comprised some 250,000 
acres in the Sahel between Tunis and 
Sousse and belonged to the General 
Khayr-ed-din, was sold to a Marseilles 
Company for 2,000,000 franes. The bey 
of Tunis objected to the French that the 
estate had been given to the general for 
his own use, but that it could not be 
transferred to foreigners. The sale was 
held up by Yousef Levy, a naturalized 
English Jew, who claimed that he owned 
a plot of land bordering upon the En- 
fida, and demanded his legal right 


V 


clit 1 
*f ? 
el » | 
’ 
who |! 
hand, sud 
T Ss! sS 
this ISS] 


remain n ni? 
eland, but bi his . 
1882. Even b his < ey 
had beaten Ital) On ™M 
30, 1881, severa Ix | 
pursuit of trib s in A 
territory killed a I) 
engagement wit! iy I s 
was noth) new | s | 
of almost daily occurre ra 
However, even if it was b 
onous repetition « S 
the necessar\ ‘ony le} Ky 
troops occupied Tunis d the b 
to sign the treat Bard Ma 
188] Thus tl max 1 last 
in the drama of ecreatii I) 
Protectorate over Tunisia s tl 
of land to non-Moslems 
SYSTEMS OF LAND T 

According to Mosler iW S 
retically considered not to b 
one It belongs to God hose 1 
sentative on earth is th por 
who thus has the sole richt al 
lands,’’ 7.¢., those which have not 
been ‘‘brought to life’? by man 
man has started to cultivat tl lar 
may claim himself owner, and his p 
property is known as a ‘‘melk.”’ 
eustom and Koranic law re rnize 


vate property, the essenti: 


W hich is possession 


according 


To 


showing that 
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Koranic 


one actu 


law, 


illy 


i] 
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element 
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CONSIST CE 


Pa c , 
| root of possession 
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weupied the 
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VINEYARDS NORTH OF TUNIS 


WITH THE |! rURESQUE NATIVE TOWN OF SIDI BOU-SAID IN THE BACKGROUND SIXTY P 
THIS LAND IS OWNED BY rALIANS WHO HAVE DEVELOPED THEIR SMALL PLOTS I {CHASED 
iREAT ESTATES OF FRENCHMEN 


land and used and enjoved the fruits 
thereof 


ligious one, only Moslems could acquire 


But since this right was a re 
title to real estate It was only in 1857 
that Mohammed Bey 
French and British consuls and influ 


‘‘urged’’ by the 


enced by his minister, General Khered 
dine, promulgated the ‘‘Fundamental 
pact,’’ which among other things ex 
tended the right to private property to 
all inhabitants of Tunisia, whatever their 
race, nationality or religion. 

In any agricultural country such as 
Tunisia the question of land tenure is of 
fundamental importance. The system 
was of course not a simple one because 
of Moslem law and concepts of property, 
but geographic and _ historic factors 
added to the complications : for instance, 
the Bedouins of the steppes and the des- 
ert did not have the same concepts of 
ownership as the sedentary populations 


of the north. Furthermore, the local 


leaders in many instances had b 
arbitrary actions further comp 
situations that already seemed 
beyond hope. 

When the French entered Tunis 
found that among the populations 
densely settled areas of the north: 
the Sahel and of the oases the con 
private property, or melk, was a 
deeply rooted French law coul 
be readily applied, but in many eas 


title to the land was not absolut 


and it was necessary to secure the 


ers in their right. According to th: 


of July 1, 1885, each property 
could demand the registration 
property. An inquest into the p 
deeds, wills or other papers was 
before a specially selected tribuna 
if the verdict of this body was to tl 
feet that the papers were valid the 
could be duly recorded in the ‘‘cons 


tion fonciere.’’ The title was then 

















LAND TENURE 


i to be a clear one, and a new deed 
ven the owner Krom 
tles to some 1,300,000 hectares of 
But 
vely small amount when compared 
rhaps 9,000,000 hectares of arable 
n the Protectorate. 


L885 To 


vere thus cleared this is a 


ng on the Moslem principle that 
and belongs to the sovereign, many 
s had acquired large estates or had 
ved their henchmen to acquire them. 
felt that 


s.’’ so to speak, were 


these “crown- 
the 


were placed 


Since it was 


logical 


ireas tor colonization they 
mder the administration of the Depart 
ment ot Agriculture of the Protectorate. 
Thus it was hoped that there would be 
an opportunity for French colonization 
not 
And in faet 


favored 


on such lands, which would arouse 


the hostility of the natives. 


they have in many eases been 


by the change. <A case in point is the 


huge domain of Ousseltia, northeast of 


Kairouan, where French colonists as well 


as landless natives have been granted 


land, and both have prospered In the 
vicinity of Sfax, by regulating the ‘‘sia- 
line’ lands (great estates the French 
local townspeople and even some former 


enough in 
their 


felt 
their titles to the land to warrant 


Bedouins have secure 
planting millions of olive trees 

In order to forestall the encroachment 
of the bey or sheik, or to prevent heirs 
from dissipating an estate, or to do a 
pious act, Moslem property owners often 
‘*Habou’’ of their 


The rules regulating this old Moslem in 


made an property 
stitution could be complied with in two 
the 
property in trust for his heirs, using only 
till 
‘ould cut off his heirs from all usufruet 
f the 
well, in odrer to endow some public char 


Wavs: 


the owner could either place 


the income from it his death, or he 


property, sometimes himself as 


ty usually a mosque, school or hos 
the first the Habou is 
rivate and the property is administered 


ry 


pital In 


Case 


the heirs or heir or by an executor 


IN TUNISIA $05 


In the second case the Habou is public 
and is administered by the central office 
the Djemaia, of the Habous inded in 
1874 The system of public Habous is 
quite similar to that of Mortmain in 
Spain, where gifts in land of wealthy 
persons, WIS OF plous members o1 ist 
minute death-bed gifts, in the irse of 
centuries, made the Roman Catholic 
Church fabulously wealthy in real es 
tate And once this land was in the 
hands of the church it was not only 

alienable but tax free (hence mortmain 


‘“‘dead hand’”’ Some 
have become public as a 
death of all the heirs 


Since 


private Habous 


resuit o the 
land in Habous comprised ap 
the tota 


question 


proximately one third of 
of the 
the French government 


area 


the hefore 


Protectorate 
was To vet con 


TO sett 


this land in order 
But 


be aroused if the French arbitrarily took 


trol ot some of 


e 


} 


Frenchmen on it had feeling might 


over great areas of land and sold it to 
non Moslems SO the first step was TO 


give the natives living on either public 


or private Habous actual 
their land 


natives had no 


poss ssion of 


In many eases, although the 
title at all 


their title was cleared b virtue o 


having been on the land a long time 
‘oecupants Immemoriaux a But the 
cost of registering property 1s hiat 54 
franes per hectare, 120 franes per plot 
or parcel, besides 54 per cent. of the tota 
value of the propert If there are a 
number of plots to be registered, the se 


ond must pay 13: anes, and anv others 
198 franes 
not afford to register land on whiel 
Finally, by 


cree of 1898, the 


rovernment de 


they lived 


sale or transfer, even to 


non Moslems. of Habo is nalienable a 
cording to Moslen law was legal zed 
la ve tracts of land have 


eome nto the hands of the Departn ent 
and have been 


and as a result 


of Agriculture of Tunisia 
purchased by Frenchmen 


In the vast expanses of the ste ppes of 
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central and southern Tunisia one may 
travel for miles without seeing either 
towns or villages The Bedouin tribes 
that live there are wandering nomads 
They migrate north toward the moun 
tains as the advancing summer sears 
their pastures and south in October or 
November as occasional rains begin to 
fall. Their property consists of animals, 
not of land, but each tribe had grazing 
rights to certain areas which were recog 
nized by neighboring tribes. Thus their 
concepts of land tenure was collective 
and extensive rather than private and 
intensive. The individual and the tribe 
had no right in the land as such, merely 
in the use of it. The official French view 
was that collective lands were in reality 
**dead lands,’’ and, according to the de- 
cree of January 14, 1901, these nomadic 
tribes were granted certain rights, but 
it was pointed out that the state owned 
these collective lands and could dispose 





SMALL VILLAGE 


DESERT LIFE CENTERS AROUND THE SPRING AIN, 


of them as it saw fit. Sinee tl 
attempt has been made to de 
Legally the natives were not 
make use of the land without 
of the government, but this has 
vented them from living muel 
In the military territory of 
23, 1918 


of the age-old collective use of 


by decree ol November 


was accorded the nomads prob 
sop in keeping them pacified 
would act as a buffer avainst 
encroachment by Italy from 1 
It was not till January 23, 1935 
law was passed with regard to t! 
the collective land This law 1 
registering of land the business 
local Caidat, not of the centra 
ment, and its object was to 


Tunisians in the peaceful posses 


Although land n 


alienated by an outsider, if those 


their lands.’’ 


on it did not register it within a 


NEAR GAFSA 
WHICH ALSO MEANS ‘‘EYE.’’ 


INDEED THE EYE OF THE DESERT. 
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NOMADS-IN CENTRAL TUNISIA ON 


H 


rATIONS AND WHEA Fl DS ENCROA 


MUS 


GRAZING RIGHTS NOW 


_ still most of this land was fit only 
land 
left to 


be used as extensive grazing 
Hence 
ve as before, except in central Tunisia 
Here 
and wheat on an extensive seale on land 
which the 


over on their trek north 


the nomads were largely 
began 


Europeans growing barley 


nomads had formely grazed 

Now they had 
on stubble 
their 


and it was 


to pay for grazing privileges 
fields at that 
herds had grazed for nothing, 
very difficult for them to understand the 


where formerly 


reason for this change and to adjust to 
these new conditions. On their part, the 
landowners complain that these nomads 
are the greatest thieves in the world, who 
take with them when they leave anything 
which is not nailed dow 


SETTLING THE LAND 
Once the French controlled so much 
land, actually or potentially, the ques- 
tion was to settle Frenchmen on it. But 


this light task. Algeria was 


already proving difficult, and the French 


Was ho 


did not want to arouse another group of 
natives to hostility. But this lethargy 
on the part of the government had un- 


fortunate consequences. A few enter 
prising men or land companies bought 
Of the 443.000 hee- 


the 1892, 


up vast domains. 


tares owned by French in 


y Fé 


viduals 


acres 
some 
The 
estate 
feebl 
made 


agricultural 


mere 


alarming 
the influx of 


or as small 


against 


this 


Tunisia 


peopl 


1900 


vast 
uted 
tion « 


Mc ST 


Algeria 


1 de 


—= - 
= 
THE ROA ) S 
$16,000 hectares wer: by lt 
an averavt son HO) CO) 
apiece The vernme!l ! 
efforts to remed this situatior 
public Habous and huge Mosle 
S were put on the marke and 
» attempts at colonization wet 
By 1900 there had been sor 
progress but again i 
handful of Frenchmen TI 
factor to the government was 
Italians, either as laborers 
farmers. As early as 188] 
there were 11,000 Italians in Tunisia as 
708 Frenchmen In the { 
M. Jules Saurin reiterated that 
could be held on it we 
ed by French peasants. Further 
attempts at colonization were made f1 
to 1914 125.000 hectares 
were sold by the government to new s: 
tlers, in lots of 100 hectares or mot 
blocs of steppe land ‘re dis 
But still there was little imn a 
f French from the mother nti 
of those who took this lar wel 
either already in Tunisia or came f1 
And by 1914 even one thir 
these people had so their land 
Then came the World War. Many 
those who returned were not willing 
an Despois I Tur j 
1930 


Paris, 
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do all the 


propert 1es 


put their 
further- 


work necessary to 
shape 
more, 1n the 
the sell 


In this post war perigd SO.O000 hectares. 


into avaln; 


high 


vers 


view of very prices, 


temptation to was vreat 
one seventh of all the land held by the 


French at that time, changed hands. It 


was bought by the natives, and, espe 
clally in the northeastern part of 
Tunisia, by the Italians 


This 


tion’’ by 


process ot **neaceful 


the 
attention 


penetra 
Italians in Tunisia merits 
The 
rived from southern Italy or Sicily with 
found work at 


our Italian peasant ar 


out a penny, but he soon 
2 tranes 50 a day on the large estate of 
some Frenchman. He worked hard, he 
lived on very little, and he put aside 40 


4 or 


franes or so, 


or 50 franes a month. In 
he had 
and with this he bought a few acres near 
Thus he 


for 


5 years 
saved a thousand 
the farm on which he worked. 
eould still 
some one else while working on his own 


make a living working 


land in his spare time. This explains 
the 
often surrounded by tiny plots owned 
Italians. At the end of 
five or six years his own land was pro 


why large French estates are so 


and worked by 


ducing enough for him to live on and 
he could spend all his time on it; he had 
become a land owner in his own right 


This miracle can be understood only in 
the light of the eeconomie and social back- 
ground of the Italian. In most cases he 
had come from a large estate which was 
under the absolute control of the feudal 
landlord, where misery and malaria were 
rampant and the standard of living was 


as low as during the Middle Ages 
Tunisia, where he could own his own 
land by dint of 10 or 15 years’ hard 
labor, was indeed the Promised Land 


Italian 
rranted long-term loans to its nationals 


Furthermore, the vovernment 
at only 2 per cent. interest. 

circumstances, the 
with the 
methods in 


In view of these 


French government was faced 


necessity of adopting new 
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substantial 


had 
certain sum of their own wit] 


attract 


The recipients ot 


order to 
land 
farming, and 


start they wer 


strictly to their agreements TI 
ernment was disposed to grant 
to really needy farmers, and 33 

that end 
ecolonizatii 


franes were voted to 


schemes for further 
elaborated 
But in 


toward inducing 


French 


Frenchmen to s 


spite of all 


Tunisia, they have been slow 


so, and the number of Italians 
creased. The latter are in a 1 
in Tunis (49,878 against 42,678 F 
as well as in Grombalia (3,859 


1,938), in Beja (1,685 against 790 


at Mateur (1,169 against 398 
region of Cap Bon, the large 
which forms the southern shore 


bay of Tunis and from which ean bi 
the island of Pantellaria (called b 

solini the new Mediterranean Gibri 
the Italians own over 60 per cent 

13,197 hectares against 
in 1921, whereas the number of he 
owned by the French fallen 
23,379 to 21,156 in the same period 


Italians are also in a majority 


vinevards 


has 


region of the Kef. Furthermore, f 
Regency as a whole the percentage 


total French population engaged in 


culture is verv low only per 
in 1926 against 13.6 per cent. fo 
Italians. Thus the French feel that 
are dealing with a kind of eco 


boring from within 


WAGES AND LEASES 


One of the problems that has con 


for solution, on land owned by nat 
French and Italian, is that of 
supply. Before 1900, and even 


1914, there was little difficulty in fin 


enough hands for ordinary unsk 


labor on the farms—and wages wer: 
The harvest season coincided 


influx of the si 


low. 


the nomads from 
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They did not come in great numbers if 
the harvest of the steppe had been good, 
but if their own pastures had _ been 
ruined by the drought they came in 
droves to work in the Tell and the Sahel. 
And once their summer grazing lands 
were used for the extensive cultivation of 
cereals it became even more urgent for 
the nomads to find summer employment. 
But the area in crop increases each year, 
on lands owned by natives as well as by 
Europeans, and many former Bedouins 
have become sedentary agriculturalists. 
Coincident with this there has been a 
building boom in many towns where 
relatively high wages have been paid. 
As a result rural laborers have become 
searce. This scarcity has made itself felt 
particularly in the vineyards and olive 
orchards, where a great deal of the work 
must be done by hand. The cultivators 
of cereals have met the labor shortage by 


resorting to power farming. 
Many native landlords have their land 
worked under the contract known as 
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khammessat. The khammes is a s 
cropper who contributes nothing b 
work and who receives a fifth 
times a fourth) of the crop I] 
usually very poor, and the land 
often advances him money for cons 
ers’ goods. But a fifth, or even a f 
of the harvest which is often poor 
sometimes nothing at all, does not 

it possible for the share-cropper to 1 
his landlord very soon. Thus oft 
becomes tied in debt slavery to the 
for as long as he lives. This syst: 
gradually dying out, and its pla 
being taken by that of hiring day 
ers. But the system of wage lab 
has its dangers as well. Under the 
tract of the khammessat the peas 
who is in reality often a serf, at 
must be kept alive through the slack 
son, so he can work during the next 
vest. This is not the case with the v 
laborer. Once the harvest is over 
he is paid in cash the landlord’s res] 
sibility toward him is at an end 
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THE SPRING WHICH FEEDS 
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es to the towns and does anything 


there 1s to do But the slack season 11 
the country frequently ecoimeldes with 
The slack SPAHSOTL IN Town. and t} ce laborer 


; 


S only Too likely to become a member oft 
the unemployed proletariat with an 
xtremely low standard of living 
In the olive orchards an arrangement 
hich has proved rather satisfactory to 
ith landlord and tenant is the contract 
According to the 


‘ms of this planting lease or contract 


known as the mgharsa 


ertain area is leased to the meharsi 


vhose task it is to clear and plant it 


ives. The meharsi furnishes the tools 
nd the young olive trees, and is fre 
ently able to eke out an existence by 
rowing grain between the trees 


irthermore, this cultivation is valu 


ble in providing a tilth which aids in 


mserving the moisture in the soil. The 
proprietor may also aid the mgharsi wit! 
ish, but these advances have not re 
sulted in the abuses of the khammessat 


As soon as the trees begin to bear the 


THE 
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l | i's Der mes 
the plantat Tl 
tions of the SFAX 
to a large extent as 
ol European 
Ver rrequent 
plantatior tl 1 
ol the Trees ¢ his 
he receives for this 
the terms < hhe 
kate two til S 
irrangvel I I i 
ontinued preset 
often lives it 
But this Kina 
not what the F) 
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north the Italians, with their low stand- 
ard of living and their expert ability at 
have 


raising and making wine, 


been able to become small landowners at 


grapes 


the expense of the great estates of the 
French. In southern 
Tunisia the native, with a standard of 
living still lower than that of the immi- 
grant from Italy, has succeeded in keep 


eentral and 


ing the growing of cereals and of olives 
if the land 
And 
the oases the native not only does the 
work but he owns the land—with but few 
exceptions. As a matter of fact division 
of property has gone so far in certain 
instances that different an 
olive tree may belong to different people. 
But the net result is that the land of 
Tunisia is being legally divided up by 
natives and Italians, but not by French- 
men. 

Italians comprise over 60 per cent. of 


largely in his hands—even 


is often owned by the French. in 


branches of 


the wine growers in Tunisia, they own 
more than half the planted in 
grapes, and they produce more than half 
the wine. The 77,000 hectares owned by 
the Italians are a part of the most in- 
tensively cultivated land in the Regency, 
whereas much of the 650,000 hectares 
owned by the French are in the areas 
of more extensive cultivation in central 
Thus a kind of 


area 


and southern Tunisia. 
state within a state has been in process 
But this Italian 
Protectorate has 


of gradual evolution. 
state within a French 
as its very secure base the land. It is 
the very stability of this Italian state 
which alarms the French, who point out 
that this peaceful penetration of Tunisia 
by the Italians has been made possible 
by French control and the security con- 
comitant with it as well as by the capital 
investments of the French. But the 
French are realists. They know that the 
Protectorate can be held only if sufficient 
people are loyal to France. If non 
Frenchmen own great areas of land in 
small plots they will tend to form a bloe, 
the loyalty of which to France can with 
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difficulty be expected The 
becomes not unlike that wl 
fronted Californians with refer 


The French do n 
the prospect of having to admir 


the Japanese. 


colony of natives and Italians, w 
a handful of Frenchmen—and | 
pay for the administration 

This problem has given the 
colonial administrators many hi 
The in 


Tunisia 


and sleepless nights 
Frenchmen living in 
about 1,000 per year, and of th 
71,000 French registered in 1926 
than 11,000 were naturalized fore 
The Maltese, unde 
Franeco-British of 192 
came citizens automatically unless 


naturalized 


agreement 


individually elected to remain B 
They numbered 13,500 in 1921, b 

8,400 in 1925, which indicates a 
rapid ‘‘assimilation.’’ An act of D 
ber, 1923, imperiled the nationalit 
the 130,000 Italians living there at 


time. Under this act. vigorousl\ 
tested by Rome, it was necessary 
Italians to renew their nationa 


automatically become French 
This act for 

months, and the suspension repeat 
1935. 


was suspended 


renewed till This insecurity 





the Italians in a state of tension inst 


of definitely settling their 


Then came the settlement of 1935 


prol 


persons who shall be born in Tunis 
Italian parents until 1965 are to 
Italian nationality, except that those 
are born between 1945 and 1965 n 
their option assume French natio 


at the time they attain their majorit 


As early as 1931 the majority of 
Italians was apparently checked, 
they then numbered 91,178, and 
French, 91,437, the slight excess ind 
ing some success for French polic) 
at least for the census officials.’” 
The French policy of assimilation 
Priestly, ‘‘ France 
York: Appleton & 


Ingram 
New 


2 Herbert 
192. 


pany, 1938. 
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been countered by Italian Fascist propa- 
literally flooded the 
propaganda may 


which has 
But this 
itself, as it did last January, 
Daladier in 


ganda 
Regency. 
overreach 
1939, after the speech by 
which he pointed out that not one foot 
of territory of the French Empire would 
be ceded ‘‘that there is no law 
against the right of Franece.’’ (Jl n’y a 
pas de droit contre le droit de la France.) 


away, 


low in an 
the 
Even many of the 


Vituperation struck a new 
article of Tevere, under 
**Spit on France.”’ 


caption 


Italians were amazed, and found it hard 
to believe that their country could sane- 
tion such journalism. And the result 
was a big surprise to both French and 
Italians. In a short time some 5,000 
requests to become naturalized French 


authori- 
paper, 


citizens were received by civil 
And February 15 a 
Il Giornale, France, 
to appear in Tunis. 

The exploitation of any ‘‘backward’’ 


ties. new 


friendly to began 


country by a ‘progressive’ one means 


the juxtaposition of peoples with en- 


tirely different backgrounds. Friction 
is apt to be more severe in town than in 
the country. The French have inter 


fered as little as possible with the urban 
their 
customs generally. 


trade, handicrafts and 
There 
latent—between 
natives than between Ital- 
The latter have all the 
government they the 
the the railroads 
and buses, thriving businesses, the chie 
But the tens of thousands 


natives in 
seems to be 
less conflict and 


and 


open 
French 
ians and French. 
own 


rood jobs, 


mines, ereat estates, 
restaurants 
of Italians in Tunisia patronize Italian 
men The 
Italians mix little, and be- 


business whenever possible. 
French and 
eause of the tension each group empha- 
sizes its lovalty to its mother country. 
There is a plane of cleavage between the 
French who own 
the small Italian landowners, but there 
is what almost amounts to a No Man’s 
between the French and Italians 


the large estates and 


Land 
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towns. 


live in 


who This probl 
not be more than mentioned in 
paper. Suffice it to say that the 
‘‘eyst’’ of Italians, quite large and 
well act as a 
conflict b 


knit, could 
horse in 
France and Italy. 

Then there is the question of 
Without a doubt, the pro 


capacity of Tunisia has increased ¢ 


very 


ease of open 


tive. 


since it has been in the hands 
French. They have built ra 
hundreds of miles of magnificent 
ways, many schools and _ hos; 


bridges, public buildings and, not 
overlooked, huge barracks. Th: 
gency exports great quantities of 
cultural produce 
ley and wine, as well as minerals 


olive oil, wheat 
as iron ore and phosphate. Cert 
such a development would not hav: 
possible, or at least not for a long 
under the old capricious arbitrar 
the taxes of which 
the extreme. Of 
there were very many: the mejba 

tax, first established in 1856 which 
1863. the 
There was a tit] 


tive régime, 
burdensome in 


augmented in was caus 
bloody uprisings. 
cereal crops which was based on Kor 
law and was payable in kind or in n 
There was also a tithe on oils, im; 
since 1730, and in the daidats of | 
Bon and SFAX, the mradjas—a ta: 
fruit and vegetables. The native 
ernment could never establish its b 
in advance because it was impossil 
‘*foretell the amount of resistance w 
the taxpayers might offer.’” Indeed 
government was described as ‘‘an 
trary government tempered by insur 


tion.’’ 
The French have changed all 
But has the standard of living of 


native been raised? | 
tainly not at all in the same proport 
as the productive capacity of the cou 
Many great est 


materially 


has been increased. 
export hundreds of tons of grain, w! 
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uced by the most up-to date 
lent Yet hordes ol natives on 
ge ot starvation add a few more 
s- ol cereals to their larders by 


in the fields owned by foreign 


would seem that too little atten 


i 


living cond)! 


a 


is been paid to the 
they were not even 
of 1931 they 
they object 


pay 


s of the natives 
! bered; in the 
red 2,215,000 
although they 
build railroads, for instance, they 


cFensus 
But 
that help for and 
have 
no money with which to buy tickets on 
Nor can they get too loud in 
demanding liberty, equality and frater 


"yy 
ity The 


nl 


the trains 


should 
that the 


fender of the Moslems 


never torget 


De- 


French 
Mussolini 1s self-stvled 

In spite of all the attempts at colon) 
zation in Tunisia, French colonists lag 
France 
with the 


operated 


sends in more money than men, 
result that large estates are still 
The 
Tunisian Company, which operates the 
Enfida, 100.000 
Europeans of 


land IS by 


by capitalists Franco 


natives, tew 


the 


CMmMpiovs 
One third 
controlled 


roreign 
used companies 
But the small owners who work their own 
farms are not French, and, as has been 
their 


There is much truth, especially in a dry 


shown, number is. increasing 
area like Tunisia, in the statement to the 
effect that ‘‘le Resident 


eral c’est la pluie,”’ in the long 


meilleur Gen- 


but run 
the race which sticks close to the soil will 
probably be in possession of the country 
As long as the principle of nationality 
is invoked, as long as the rulers of na 


tions, like simple peasants, believe in 


‘rounding out their domaines,’’ just so 
long will the Italians clamor for admin 
istration from Italy ; and as long as the 


natives realize that the export of great 
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Increase 
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rurated after France 
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the result 
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VITAMINS AND SENESCENCE 





By Dr. AGNES FAY MORGAN 


PROFESSOR OF HOME ECONOMICS, UNIVERSITY OF CALIFORNIA, BERKELEY 


VITAMINS have lost their mystery so 
for as their chemical composition is con- 
cerned but still retain some cloak of 
anonymity so far as their modus oper- 
andi goes. Instead of A, B, C and D we 
now have carotene, thiamin, ascorbic 
acid, caleiferol and in addition a large 
and growing flock of B vitamins besides 
the original or B, (now ealled thiamin). 
Likewise at least two other fat-soluble 
factors are known, E or alpha tocopherol 
and K, a group of naphtha-quinone de- 
rivatives. It is no longer de rigeur in 
our best nutrition ecireles to fall back on 
the alphabet in designating the vitamins 
but instead the proper chemical names 
of these substances are used. This is 
quite in line with the polite usage of 
proper names of individuals when the 
identities are known instead of numbers 
and letters which might be used when 
they were still unknown. 


Tue B VITAMINS 


The B vitamins are grouped together 
because at one time, until 1919 at least, 
they were thought to be one substance 
only, antineuritic or antiberiberi in 
eharacter. Of course this substance, 
thiamin (B,), is only one, although per- 
haps the most overwhelming in the 
effects exerted by its deficiency, of a 
group of at least six and possibly eight 
or ten equally indispensable vitamins. 
The first of this family of B’s to be de- 
tached after thiamin (synthesized 1932)' 
was designated G by Goldberger and by 
Sherman, B, by the British workers. 
This turned out to be riboflavin, iden- 


1 For an interesting description of this sub 
ject sce R. R. Williams and T. D. Spies, ‘‘ Vita- 
min B,.’’ Macmillan Company, 1938. 
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tified by Kuhn in 1934. It is the 
vitamin contained in milk and p 
in gereen leaves. 

The next separation was that 
min By, named by P. Gyérgy 
now called pyridoxin or adern 
thesized in 1938. All three of th 
tors, thiamin, riboflavin and py 
ean be rather readily remove 
water solutions of vitamin ric] 
such as yeast, liver and rice br 
Shaking such solutions with 
earth. In 1936 it was pointed 
Koehn and Elvehjem of Wiscons 
Lepkovsky and Jukes of Califor 
after such removal there remaine 
filtrate something which was ne 
for both chicks and rats, in addit 
the three absorbed B vitamins 
became known as the ‘‘ filtrate fa 
fraction.’’ But by 1938 the ident 
still another B vitamin was disc 
nicotinie acid, thought to be the 
substance lacking in the diets wl 
duce pellagra. 


THe ‘‘Fivtrate Factor’? Deri 
SYMPTOMS 

Now crystalline chemically pur 
min, riboflavin, pyridoxin and n 
acid were available and in this 
tory and elsewhere these with nec 
fat-soluble vitamins and a purified 
diet were fed to young rats. Aft 
to eight weeks most of these rats 
happened to be black coated beg 
show silvery gray patterns in tl 
Their growth was impeded and aft 
few weeks skin eruptions occurred 
in most cases their lives came to a 
within six to eight months. They 
on all the appearance of extremely 
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FIG, 1 THE EFFECT OF VITAMIN B ON A RAT FAMILY 
~ WAS GIVEN ALL THE B V AMINS HROUGHO API 
Vk FED I \ I-GRAY rAMIN EP it 
animals with loose wrinklec skin, sparse damage occurred in t adre 
silvery hair, emaciation and sometimes or somewhere else, perhaps 
severe and persistent skin ulcers at the terior pituitary gland ‘he la 
base of the tail and on the hind legs and is thought to be the r’’ 
feet. If concentrated extracts of the control of several other endoe! 
‘filtrate factor’’ were given them at any notably the gonads, tl hv 
stage of the deficiency their condition adrenals. If any of tl t 
improved at once with full return to anterior hypophysis thet 
health and color of fur. A photograph  stroyved or altered the 
of gray and cured rats is shown in Fig. 1 ciency subsequent changes in tl 
and of a senile-appearing deficient rat adrenal cortex and sex gla 
in Fig. 2. expected Thus the or} 
: the hair may ocew rl 
Tue GLANDS INVOLVED 
mediation of either o1 th tl 
Microscopie study of the organs of adrenals Adminis 
these rats has shown that the deficiency and adrenal cort tracts 
caused consistent damage to the adrenal duced slow darker if the g 
glands, thyroids and sex glands and that of vitamin-deficient rats but 
on recovery the damage was repaired benefited the animals otherw 
although evidences of it were left. leads to the suspicion that the 
It is not clear whether the primary produced poor functioning 
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glands as only one of its far-reaching 
effects 

The voung silver foxes later mentioned 
as filtrate factor deficient were found on 
autopsy to have enlarged red-pigmented 
thymuses as well as evidence of previous 


but 


argely repaired damage to the 
adrenals It has been reported fre 


quently that vietims of Addison’s dis 


ease, due to destruction of the adrenal 
cortex, have enlarged and sometimes 
regenerated thymuses 

When normal stock female rats were 
given the deficient diet on the day their 
young were born nearly complete failure 
of lactation resulted Deficiency In one 
or more of the other B vitamins had no 
such devastating effect. If the endocrine 
system is affected by the deficiency it is 
not surprising that lactation should fail 
Since anterior pituitary hormone control 
of this function is known to exist. Medi- 
ation or direct action in initiation of lae- 
tation by the adrenal cortical secretion is 
also generally recognized 


Experiments were made with cocker 


FIVE MONTHS OLD. NOTE THE GRAYING OF 
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spaniels placed at six weeks 


the purified and filt 
diet and with results 
in the rats. The e 
hair of these pups 


months turned gray 


vradually grew out 


was cured by admin 


made from yeast with almost in 


new growth of black 


weight. <A similar diet fed to s 


silver foxes, three wi 


‘‘filtrate factor.’’ resulted in tl} 
death of one of th 


within seven weeks 


viven the missing factor at o1 


their lives, but they 


completely Soon a new coat ot 
in but with white instead of bl: 


tur. They all grew well Wy) 


eontrols and one ot 

made up into a neck 

of this experiment 
Is PANTOTHENK 


Meanwhile the ‘‘fi 





FIG. 2. A VITAMIN DEFICIENT SENESCENT 
HAIR, LOSS OF HAIR AND WR 





rate Ttacto1 
Similar t 
al black 
aiter two 
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fray in 


istering’g a 
fur and 
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The other t 
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the grav pe 
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postulated by Lepkovsky and 
sand Elvehjem and Koehn as neces 
for chicks has been identified with 
pantothenic acid so long studied by 
Williams. 


esized and is becoming available in 


This acid has now been 


stalline form for feeding experi- 


ts Is it or is it not the same thing 


as the ant hair factor in the 


ite? No complete answer is vet 


-gray 


iilable, but it can be stated confidently 
that pantothenic acid is concerned in the 
ving phenomenon, although it is 


probably not the only factor involved 


s now being fed to rats and dogs both 
without the ‘* filtrate 
or.”’ Darkening of the gray fur has 


with and crude 
urred at least temporarily after some 

delay when sufficient amounts of panto 

thenie acid were given. 

A rather surprising interrelation be 

defi 

ciency (which in our early experiments 


tween the anti-gray hair vitamin 
involved pantothenic acid deficiency as 
and nicotinic acid intake has been 
that 


\icotinie acid is essential for the preven 


well 
seen in the dogs. It was assumed 
tion of ‘‘black tongue,’’ the canine ana- 
logue of pellagra, and that dogs deprived 
of this would exhibit 
failure of nutrition. But the 
reared on purified basal diet plus the 
erystalline vitamin thia- 
min, riboflavin and pyridoxin, grew nor 
mally and except for gradual and com- 
plete depigmentation of the fur and 
occasional diarrhea appeared to be in 
good health. 

remained well 
gray coat instead of his natural glossy 
black hair after sixteen months on this 
régime. There were no signs of black 
tongue at any time. His photograph 
with a normal control is shown in Fig. 3. 
But his sister which had received the 


substance early 


animals 


supplements, 


One male cocker spaniel 


except for a dust-mop 


same diet plus nicotinic acid, lost hair 
color, appetite and weight after only 
four months and when apparently about 
to die was given the ‘‘filtrate factor’’ 


+19 


preparat on shit 

normal health wit! 

The same rapid Ss S 
eral other vou S . 

when nicoth . 

‘filtrate factor’’ 


nit 


haps the an 


acid and 


pantothe 


the same ©) Ss 
anced nice Si Ss 
topples the structure but Ss 
is less harmful 

A curious phenomenon is si 
continued growtl 
ance of rats fed tl s 
and fat-soluble tamins 
tional da Vv supplement ol eust 
At two years of ag hen xt 
begin to fall off in weight and show s 
of failure, these animals are s 
active and of near-¢ S t] ! R 
being 500 to 700 grams in weight as cor 
pared with the normal 350 ams. Sor 
scattered graying occurs in their { bh 
no general depigmentation The app 
tite and efficienev of intestinal absorp 


tion are Maintained at the level of voung 


adults One of these super-develop 


rats along with a normal brother of the 
same age, twenty months, is shown in 
Fig. 4 These large animals are sexua 

mature and physically act in contrast 


with the young giant rats produced by 
anterior pituitary gland transplants b 
P. E. Smith a few vears avo 

WuHere Do We Finp THESE “ FILTRAT: 


lac rORS 


So far little progress has been 1 é 
in the assay of natural foods t 
‘*filtrate factors.’’ Certa nly the ant 
gray hair fraction is distributed sor 


what sparsely in such foods as have bee 


tried thus far One may be led to spe 
late as to whether it was originally pro 
vided for man as for other animals in 


the bran, twigs, viscera, insects and other 


foods now considered inedible. Planta 


tion cane molasses ror instance has been 
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foods tend to remove or destri 
ever part of this fraction is pr 
the materials which we now re 
fit for human use. The remedy 
probably be sought not in the ret 
primitive feeding habits but in tl 
tion, identification and thoroug! 
of these as of the other vitamins 
inclusion of suitable sources in ft] 
Of course many premature 
people have written to inquire 
there is any reason to suppose 
vitamin will affect their hair 
a Some who have tried taking r 
and yeast concentrates faithfu 
FIG. 3. TWO COCKER SPANIELS reported that the new hair is gro 
FED EXACTLY ALIKE FROM WEANING, EXCEPT THAT dark instead ot oray The pre 


rHE GRAY DOG (ORIGINALLY BLACK IN THE FORI . 
necessarily slow, since hair one 

GROUND LACKED 1 FILTRATE FRACTION OF THI . 

; VITAMINS. can not be expected to change CO 


no one wishes to remove all gra 

found well endowed with this fraction, and wait for the slow appearanc: 
but refinery molasses and the crystalline yew hair of another color! How: 
sugars are free from it. Whole wheat an arrest of the graying process 
and wheat bran (but not to the same _ obtained this will satisfy many p 
degree, wheat germ) contain it but re- But the more important phas 
fined flour lacks it. Canning has an _ application of these findings to | 
adverse effect on the filtrate fraction of lies in the possible bearing th 
the B vitamins and leaching during cook- 
ing in water or steam removes it from 
the cooked food 

A cheap and effective source of all the 
B vitamins now known might be made 
up of black strap cane molasses and 
wheat germ or even wheat bran. Such a 
mixture is actually in use as a tonic and 
medicament in at least one student hos 
pital and apparently with satisfactory 
results. This is a commentary on the 
remarkable cevele accomplished by indus- 
try and science in our food supply, in 
which we carefully remove the vitamin- 
rich part of the natural foods, then pre 
scribe the removed offal as medicine! 
When the removed vitamins are pre- 
seribed in the form of pure extracts or 


synthetic products the whole process be- FIG. 4. LITTERMATE BROTHERS 


\ 


comes ludicrously expensive. 
A , TWENTY MONTHS OLD, FED ALIKI 
Thus apparently all the processes yp Larger RAT RECEIVED AN EXTRA S 


which civilization has imposed upon our OF ‘‘ FILTRATE FACTOR ”’ ENTRA 
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» on the prevention of premature In any case if a true 


nave 
wing. Are the adrenals, thyroids and vitamin and the 
ther glands made relatively inactive by been uncovered nev 


liet deficiency and are some of the phe- perimentation and « 
nomena of old age the result of such mins will result. Some 
I vetivity ?? Are there long-continued mystery of the functior 
slicht vitamin deficiencies which bring groups of potent sub 
about the premature graying and the _ eliminated. 

metabolic and other disorders of senes- 

ence? Old age phenomena can doubt- 
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WHEELS 


I HAVE always been interested in the relation Make the World Go Re 
ship of the wheel to the advance of civilization within Wheels.’’ Not 
and the rise of man from the state of savagery. we all see rolling under us 
There has been a good deal of exploration as_ or bicycles. Ther¢ 
to where the wheel was discovered and how it away in watches to tyranni 
first was used. It is suggested that it came _ ter of time. Ther 
from putting logs under heavy objects to roll and presses, in en 
them about, and then gradually went on to more’ devices about 
fined uses, from transporting of objects and planes, the tr: 

en to more creative or manufacturing uses, are impotent 
uch as in the potter’s wheel, the spinning wheel much in b 
and the mill wheel. Our own early American man’s world; 
life and our spread across this continent owed idly destroy it. 
much to the wheel, and it now pl: 
nant role in our economic structure. development of 

We know that the Eskimos have been able to mobility to man 
build up a fairly satisfactory cult without tivities. This mobi 
the use of the wheel; what they do, though, is by the steam an 


of a very simple character, and their snowy en junction with wl 


; 


uys a predomi Perhaps the 


vironment has not been conducive to the use of Wheels mean movem 

wheels. But upon nearly every civilization of ger, unless that movem 

the world wheels have had a profound influence have made possible 

Few of us pause to realize the power of wheels unprecedented and w 

in our daily life, whirling about us everywhere watched it develop on this earth, may bring 
in the civilization which they have played such a __—irevolutionary changes in al] human affairs.—Ray 
large part in creating. Literally, ‘‘ Wheels That Lyman Wilbur in School and Society 
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SOIL DYNAMICS 


By Dr. C. C. NIKIFOROFF 


SOIL SCIENTIST, BUREAU OF PLANT INDUSTRY, U. 


Tue surface of the earth is a field in 
which mineralogy, biology, physics and 
chemistry cross and recross their paths, 
collectively working for the creation of 
the peculiar epidermis of the land which 
is known to us as soil. 

The soil is not merely a heterogeneous 
mass of different products of disintegra- 
tion and decomposition of rocks and not 
just dirt from which plants can grow. 
It is a harmoniously organized dynamic 
system minutely coordinated with its 
environment including geological history, 
climate, relief and biological pressure. 
It is said that any normal soil is in equi- 
librium with its environment. Such an 
equilibrium or ‘‘steady state,’’ however, 
is not a state of static rest as might ap- 


pear to a casual observer: it is a state of 


continuous readjustment to the ever- 
changing environmental factors such as 
climatic conditions, biological activity 
and erosion. The equilibrium between 
the soil and its environment does not 
spring into being spontaneously but 
evolves gradually through an intricate 
pedogenie (soil-forming) process which 
consists of various physical and chemical 
changes of the original material. 

Reaching an equilibrium does not indi- 
cate the end of the soil-forming process. 
This process never ends as long as the 
soil exists; when it ends the soil dies, 
becoming a relic or fossil, and ceases to 
be a dynamic body. 

The continuity of the pedogeniec proc- 
ess does not contradict the equilibrium 
between the soil and its environment. 
The fundamental characteristic of the 
pedogenic processes is their cyclicity. In 
this respect they differ from the concur- 
rent geological processes which can be 
regarded as straight-line processes. The 


latter begin, develop and end 


S. DEPARTMENT OF AGRICULTURE 


at 


SO 


static stage at which their products n 


rest unchanged for a full duratio; 
geological ages. 
such a difference is the formation of 


The best illustration 


humus and of various organogenic 


logical deposits such as coal, mineral 


soil adjusted to its environment 


peat and petrified wood. 

Every soil contains certain amounts 
humus ranging from a fraction of 
per cent. to as much as about 20 per 
according to the type of soil and degre: 
of its biological pressure. The content 
of humus is relatively constant in ever 

Th 
amount of humus is constant but 
mus itself is not everlasting; it r 
vates itself continuously. Continuo 
certain parts of it decomposes into 


IS 


simple end products such as water, 


anew from the organic residues. 
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bon dioxide and mineral salts and si! 
taneously an equal amount of it is for: 

Ty 
radiant energy captured in organic cor 
pounds is turned over to humus and rm 
leased during its decomposition. Ever 
molecule of soil humus is in a permanent 
state of transformation. Every quantur 
of its energy is in a slow but ceasel 
motion. The matter and energy whi 
yesterday were a part of living orga 


SS 


isms are in soil humus to-day and w 
be released to-morrow in the form of e 
mental constituents ready to be resy: 
thesized and utilized by the next genera 
tion of organisms. These migrations « 
matter and energy develop in cycles 
The same organic residues give rise t 
the organic geological deposits, peats 
oils, coals, but the process of their trans 
formation is fundamentally different 
The residues do not decompose into the 
simple end products and do not liberat: 
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their energy. They undergo steriliza- 
tion, carbonation or petrification and pass 
into a static stage of conservation. Their 
potential energy becomes dormant and 
may rest as such for the duration of the 


geological eras. Unlike the carbon of 


humus the carbon of coal does not dis- 
seminate as carbon dioxide ready for the 
photosynthesis of the carbohydrates of 


plants. The migration of matter and 
energy from living bodies to the geolog- 
ical formations proceeds along a straight 
line. When it reaches the static state, it 
ends in rest. 

Cyclicity of the soil-forming processes 
in so far as matter is concerned can be 
demonstrated in many ways. The cycles 
of carbon, water, nitrogen, sulfur, phos- 
phorus and so forth are well known. The 
eycles of energy, however, are not as yet 
sufficiently clear. 

The immediate sources of energy in- 
volved in the pedogenic cycles are cos- 
mic, especially the radiant energy of the 
sun and a potential energy of crystalliza- 
tion concealed in atoms, molecules and 
erystals of minerals. Applying the terms 
of geochemistry to these 
forms of energy may be distinguished 
as the vadose (of superficial origin) and 
juvenile (deep seated, issued from deep 
within the earth) energy of the pedo- 
genesis. 

The vadose energy is introduced into 
eycles through a photosynthesis of plants, 
the equation of which is: 


geophysics, 


6CO, + 6H,O + 677.2 Cal = C,H,,0, + 60, 


and by numerous endothermic reactions 
which take place in the soil itself. 
Juvenile energy is liberated by the 
weathering of rocks through a decompo- 
sition of minerals. The bulk of rocks is 
composed of alumosilicates. Alumosili- 
cates are endothermic compounds which 
were formed by crystallization of magmas 
under conditions of high temperature and 
high pressure. The decomposition of 
these minerals on the surface of the earth 
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is accompanied by an emanation of heat 
Clayization of one gram of granitic rock 
liberates about 120 calories 

The soil is a medium in which vadose 
energy and juvenile energy merge and 
pass through intricate channels of the 
soil-forming reactions. 

Obviously the pedogenic cycles do not 
develop entirely the 
media of the soil. Certain segments of 
them pass through the biosphere. Matter 
and energy leave the soil for living bodies 
and return to it in the substance of hu 
mus. Naturally 
eycles which pass through the soil are of 


within physical 


only the segments of 


primary interest to soil science The 
others belong to the closely related dis 
ciplines of biophysics and biochemistry 

As the epidermis of the earth, the soils 
are naturally subject to a general geolog 
ical weathering. Consequently, in the 
soil the strictly pedogenie cyclic proc- 
esses are intimately combined with the 
straight-line geological processes In 
fact the latter constitute an essential part 
of soil dynamics. Cyclicity of migration 
of matter and energy through the soil 
and life does not indicate that the same 
atoms of matter and the same quanta of 
energy continuously travel from the soil 
into the biosphere and back into the soil 
Certain and probably large quantities of 
both matter and continuously 
leave the cycles, being disseminated in 


energy 


the atmosphere, removed from the soil 
by leaching for ultimate concentration in 
the universal ocean, or statically fixed 
in compounds stable in a thermodynamic 
environment of pedogenesis. An equi 
librium, suffer 
because would 


however, can not any 


losses, loss imme 
diately disturb the balance 


are covered by equivalent amounts of new 


any 


The losses 


materials and by new energy which be 
come involved in the rotation partly by 
living from the 
partly by decomposition of .the 
which release potential 
energy from the clasps of petrification 


organisms cosmos and 


ror ks 


elements and 
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In the soil which is in dynamic equilib- 
rium with its environment the pedogenic 


cycles are precisely adjusted to the con- 


current geological processes so that losses 
and gains of both matter and energy are 
continuously and remarkably balanced. 

The pedogenie process takes place in 
the medium designated as the soil body 
which is a layer on the surface of the 
earth affected and reorganized by this 
process. The thickness of such a layer 
ranges from just a few inches to several 
feet; in a relatively few instances it ex- 
ceeds ten feet. The average thickness of 
various soils depends upon the type of 
climate and vegetation which are instru- 
mental in development of these soils, 
upon the nature of rocks, upon the relief 
of the land surface and upon the soil’s 
own age. 

Every soil body consists of several soil 
horizons. A soil horizon is a part of the 
soil which develops its individual phys- 
ical and chemical characteristics, due to 
a concentration in this part of body of 
some particular reactions of the pedo- 
genic process. It can be a local intensi- 
fication of hydrolysis; of oxidation of 
certain compounds; of solution or coagu- 
lation and precipitation leading to an 
accumulation of various salts, colloidal 
materials or humus. The reactions which 
take place in different horizons may be 
predominantly exothermic or endother- 
mic. In the development of some hori- 
zons the release of vadose energy may 
be the main factor whereas the develop- 
ment of the others may depend chiefly 
upon liberation of juvenile energy. In 
some horizons kinetic energy undergoes 
fixation whereas in the others potential 
energy is put to work. Due to these dif- 
ferences each genetic horizon of the soil 
acquires an individual chemical char- 
acter as well as an individual thermody- 
namic coefficient. All horizons of the 
soil body considered in their natural 
sequence from the surface downward 
constitute collectively a soil profile. 


THE SCIENTIFIC MONTHLY 


A fundamental feature of the 
soil horizons is a genetic relations} 
tween all horizons of any given p1 
All horizons of the profile deve! 
unison, simultaneously and usually 
essentially the same original mat 
Their dissimilarities, physical or 
ical, no matter how great they m 
are due entirely to the harm 
changes of the original parent mat 
A development of any one horizon 
necessary accompaniment for the d: 
opment of the other horizons in 
profile. 

An equilibrium of the entire syst: 
presupposes the equilibria of all its 
tegral parts. Consequently the n 
horizons do not grow indefinitely 
they reach the stage of equilibrium y 
the environment. The old rather p! 
sophical concept that the soil evolves 
velops, grows old and finally deterior 
has not been based on facts. Soil ind 
may change its character, but it chang 
according to the modifications of the e 
vironment. Otherwise it remains 
stant. 

It is true, however, that in some 
ticular instances the straight-line ge 
ical processes which may take place 
the media of the soil profile are st: 
enough to dominate the strictly pe 
genic activity in the soil. They may 
to the actual growth of certain character 
istics. An illustration of this is the f 
mation of certain static products whic! 
are stable in the existing thermodynar 
environment of the soil ; for example, t! 
petrified hardpans. The petrification 
the hardpans might develop as a 
product of pedogenesis. Because of 
stability of the hardpan in its then 
dynamic environment its formation ter 
minates the migration of matter ar 
energy in the zone paralyzed by petr 
fication. Such a hardpan can be r 
garded as a soil horizon affected by 
sclerosis. It may grow and in some in 
stances may ruin the original soil. 


by 


+ 
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There is a fundamental difference be- 
tween the soil horizons and mechanical 
lavers of stratified parent materials. In 
many instances a soil develops from par- 


ent material composed of several strata 
differing from each other. Each of these 
strata might have been formed at differ- 
ent times, by different agencies and from 
different materials. A thin veneer of 
loess or wind-blown sand de- 
posited upon glacial till; a mantle of 
deluvial assorted drift may be deposited 
upon the residual detritus or upon the 


may be 


same loess; strata of coarse gravelly al- 
luvium deposited by the swift current 
may be interbedded with the silty or 
elayey alluvium settled from the slowly 
moving water. Each of such layers ac- 
eumulates above the other at different 
times; one might be formed by ice, an- 
other by water and the third by wind. 
One might be formed from a nearby 
source of material and another 
ported from a great distance. Each layer 
ean differ from the other, physically and 
chemically, but individual properties of 
any one of them have no relationship to 
those of the other layers. 

In many instances such layers are so 
thin that an evolution of the soil profile 
embraces several layers. In in- 
stances different genetic soil horizons or 
certain parts of them might develop from 
the originally dissimilar parent materials 
so that differences between horizons 
which develop due to the evolution of 
soil profile might be superposed upon the 
The 
individual features of the soil horizons 
which develop due to a pedogenic process 
are distinguished as the acquired char- 


trans- 


such 


differences of the original materials. 


acteristics and are contrasted to the in- 
herited ones which are due to the nature 
of the original material. 

The soil as a whole is an unconsolidated 
porous body. It consists of the three 
phases: solid, liquid and gaseous. The 
solid phase forms a mechanical frame- 
work or a skeleton of the soil body. It 


nected fragments of 
and various produ 

tion. 
from the ultramicrose 


These primary 


ticles to grains of 

The fundamental phys 
the 
texture 


soll is 

connotes the 
ical composition, that 
from particles of vai 
certain proportion te 
mixed indiscriminately 
The prin 
mechanical units of the sol 


uniform mass iry partic! 
| mate 
Ssintegration 


produced by a physical di 
rocks and their chemical decomposition 
the mechanical composition of this mate 
rial, however, in the 


many instances 1S 


redepos! 


product of an assortment and 


tion of the primary units by water, ic¢ 
or wind. 

Closely related to the texture 1s @ s 
porosuy which represents a ratio bet wer n 
the and other 


body. The pore space forms a system of 


solid phases of the soll 


interconnected voids and vessels through 


which pass the flow of soil solutions and 


vases, therefore, a qualitative aspect of 


soil porosity, that is a pattern of distri 


bution of the pore throughout the 


soil body has a particular significance for 


Spar e 


The same or very similar 
fferent textures 
ntally different 


apillary to non 


soil dynamics 
porosity of the soils of d 
might have a fundame 
pattern. The 


capillary porosity is especially importal 


ratio of 


because of its bearing on velocity of 


culation through the soil of its m 


components 
To a considerable extent the 
} 


and porosity determine a soul ¢ 


texture 
nsislence 
The soil consistence depends upon the 
the material 


as well as upon an arrangement of the 


composition of 


mechanical 
mechanical units in regard to each other 
which relates directly to the pattern of 
Unlike 


texture, soil consistence represents a con 


the pore space in the soil. soil 
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dition of the soil material rather than its 
constant characteristic. It is subject to 
changes according to the moisture condi- 
tions. Certain amounts of water ab- 
sorbed by the soil give to it a degree of 
plasticity and viscosity. The grades of 
plasticity range from a maximum in the 
soil of the finest texture to a vanishing 
point in the soils of the coarsest texture. 
The grade of friability, or of a lack of an 
adhesion among the primary particles, 
ranges in an opposite direction. Plas- 
ticity, viscosity, friability are the ex- 
amples of various forms of the soil con- 
sistence. 

Finally, soil science attaches much sig- 
nificance to the soil structure which rep- 
resents an arrangement of the primary 
particles of soil material into various 
aggregates. A development of structure 
fundamentally changes the qualitative 
aspects of soil porosity because of the 
formation of comparatively large voids 
between the aggregates. Like a con- 
sistence, soil structure refers to a con- 
dition of soil material rather than to its 
permanent property. It also is subject 
to changes according to the moisture con- 
dition. Usually soil structure is ex- 
pressed best in the air dry soil. An 
increase of moisture tends to decrease 
stability of the aggregates and to reduce 
the structure of soil material to a vanish- 
ing point. 

Texture, porosity, consistence and 
structure together with color are the 
most striking physical characteristics in 
which the genetic soil horizons differ from 
each other. The normal soil develops 
from parent material which in a broad 
sense is more or less uniform as regards 
its color, texture, porosity and consis- 
tence. Various modifications of these 
properties in different parts of the soil 
body reveal the story of soil genesis with- 
out an understanding of which soil dy- 
namics can not be fully understood. 
Such changes are neither exclusively 
physical nor exclusively chemical. Soil 


physics and soil chemistry work hand-in- 
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hand in carving a soil profile from its pa; 


ent material. In some instances chen 
reactions cause a change in physical p) 
erties, whereas in others, physical chan 
of the medium either stimulate or retar 
the chemical processes. This is part 
larly significant for a distribution of th, 
pedogenie activity throughout the sx 
body and conspicuous local intensificat 
of certain reactions in particular horizons 
of the soil profile. For example, an inte: 
sification of hydrolysis in some part of t! 
soil body may lead to the formation 
more clay in this part than in the ot 
ers. This addition of clay fundamenta 
changes the texture, consistence and | 
rosity of the original material. |: 
changes the extent of surface area of 1 
solids, the pattern of the pore space, y 
locity of movement of the 
through this part of the soil, and its he 
conductivity ; it stimulates the deve! 
ment of a new form of structure wi 

is different from that of the original ma 
terial ; it changes its color. Such changes 
in turn affect the energy and modify th: 
character of the chemical reactions « 
to which they have been developed. 

The pedogenic process operates in 
medium characterized by the uneven and 
continuously changing conditions of te: 
perature and moisture. Diurnal and ; 
nual fluctuations of the temperature an 
humidity of the air do not cease abrupt 
when the climatic elements emanating 
from the higher strata of the atmospher 
strike the surface of the earth. The cl 
matic waves originated in the atmospher 
penetrate the soil for a short distanc 
below its surface. Such a penetratio1 
into the soil of the alternating waves o! 
heat and cold as well as of the maximu: 
and minimum moisture is marked by 
fast decrease in velocity of transmitting 
of the heat and moisture from one layer 
to the other, and by a decrease of the 
amplitude of waves. This depends upon 
changes of the medium through whic! 
the climatic forces are spreading. Fro 
the gaseous medium of the atmosphere 


solutions 
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they enter the porous-solid medium of 
the earth’s crust characterized by the 
different absorbing power and conductiv- 
itv for both heat and moisture. 

‘The depth of pentration of the climate 
bevond the surface of the soil is rather 
mall: perhaps, its maximum nowhere 
exceeds about ten feet. The character 
of functions of climatic elements beyond 
the surface of the soil, however, is so dif- 
ferent from that above this surface, that 
the ‘‘soil climate’’ is considered some- 
times as something fundamentally dif- 
ferent from the ‘‘air climate,’’ although 
such a distinction is, perhaps, not en- 
tirely justifiable. 

Mechanism of the soil climate can be 
illustrated by a short discussion of the 
temperature of the soil body. 

Perhaps, the diurnal maximum of tem- 
perature on the surface of the soil occurs 
simultaneously with its maximum in the 
air above the soil, although in many in- 
stances the temperature of the surface 
soil is considerably higher than that of 
the air. A few centimeters below the 
surface the daily maximum will be 
reached, perhaps an hour later than on 
the surface. Penetration of the crest of 
the heat wave (that is, of the daily maxi- 
mum) for the same distance of a few cen- 
timeters below this level will take a much 
longer time, perhaps three or four hours. 
At some depths, depending upon the 
character of the soil and other factors, 
the daily maximum will be reached when 
the temperature on the surface will be at 
the point of diurnal minimum which will 
send into the soil a wave of relatively low 
temperature. 

Together with a progressively decreas- 
ing velocity of penetration of the soil by 
the alternating relatively warmer and 
relatively colder waves, the amplitude 
between the maximum and minimum de- 
creases progressively to a vanishing point 
also. At some depth from the surface 
the temperature does not change during 
the dirunal periods, although it gradu- 
ally changes from the annual maximum 


b | 


annual 


The 


travel through 


to the annual minimum 
waves of heat and chill 
the soil body slower but penetrate deeper 
than the diurnal certain 
depth the temperature of the soil is not 
affected by annual changes of the tem- 
perature on its surface and remain con- 


waves At 


stant. Perhaps, at this level the climate 
affect the and 
maybe ceases to exist 

The heat 
tively warmer to a relatively colder body 
When the surface of the soil 
than the interior, the heat wave 
downward. When the surface is colder 
it moves upward. 

The waves of moisture traverse the soil 


ceases to earth’s crust. 


is transmitted from a rela 
is warmer 


moves 


body in a somewhat similar way although 


with less regularity Moreover, the 
transport of moisture through the soil is 
affected by the capillary forces, gravity, 
vaporization, condensation and trans 
piration by plants. 
Consequently the 
moisture of the soil, which mutually af 
fect uniform 
throughout the soil’s body 


equalities together with a difference in 


temperature and 


each other, are never 


These in 


aeration cause uneven biological and bio- 
chemical activity as well as uneven 
energy of chemical and physical attacks 
upon the mineral framework of the soil 
in various sections of the soil, which, in 
turn, leads to a differentiation of indi 
vidual genetic soil horizons 

Obviously none of these processes can 
be fully understood without a knowledge 
of the thermodynamics and hydrody- 
namies of the soil, of the chemical and 
physical composition of the soil body and 
especially of the behavior of various com- 
ponents in the thermodynamic condi 
tions of the pedogenesis. 

Until quite recently the total analyses 
of the whole soil materials and of some 
particular mechanical fractions (col- 
loids) separated from 
formed the backbone of chemical investi- 


such materials 


gations of the soils. These analyses dem- 


onstrate a mass effect or a sum total of 
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different horizons 
caused by a great many concurrent reac- 
tions which take place in the soil, but they 
fail to demonstrate the individual addi- 
tives of such a sum total, their nature and 
their relative value in the summarized 
effect. The aspect on which these inves- 
tigations have failed to throw light, how- 
ever, is of the utmost importance. 

The solid phase of the soil is a hetero- 
geneous mixture of many different min- 
erals and every mineral individually is 
a heterogeneous system of several con- 
stituents. A chemical composition of 
most minerals can not be expressed by 
stochiometric formulas although each of 
their constituents is a definite stochio- 
metric Crystallization of 
minerals from magmas or from 
solutions or meltings, unites these stochio- 
metric compounds into definitely oriented 
certain although 
A defi- 
nite orientation in space of different con- 
stituents whether of atoms or of groups 
of atoms is an essential characteristic of 
the crystals. The stochiometric 
compounds, taken in the same propor- 
tions but differently oriented in space in 
regard to each other, produce the differ- 
ent crystals. 

Various minerals behave differently in 
thermodynamic field of the soil formation 
in which numerous reactions of decom- 
position, recrystallization and reorienta- 
tion of crystals take place. This should 
demonstrate a complexity of the chemical 
and physical life of the soil and the in- 
evitability of fatal shortcomings of the 
summatory analyses to reveal the impor- 
tant details of the mechanics of pedo- 
genesis. 

An application of x-ray analyses has 
opened the door for a new approach to 
the problem; and in spite of its novelty 
has already made it clear that soil chem- 
istry will have to lean more and more 
toward the mineralochemistry in general 
and the chrystallochemistry in particu- 
lar. The outstanding problems to be 


chemical changes in 


compound. 
melted 


systems (crystals) in 
not stochiometric proportions. 


same 
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solved by soil chemistry on its new 
include not only an investigation 
chemical composition and chemical 
ture of the minerals which form tl} 
phase of the soil, but also, and esp 
of their behaviors and metamorp! 
the thermodynamic environment 
soil formation. 

Weathering of the massive rocks 
of their fragments, large and micros 
ically small, is a straight-line geo 
process. One may trace a gradual ty 
formation of granite into a clay; 
some other rock into a pure quartz s 
The rocks are a source material, t! 
and sand, the end product of weat! 
in the existing conditions. Probably 
name, ‘‘end product,’’ is not ent 
correct. The end product should 
static formation absolutely stable ir 
given thermodynamic conditions. Su 
products, even if they actually forn 
not accumulate on the surface of 
earth; if they would, the earth would 
wrapped in an inactive, lifeless n 
Geological erosion takes care of the 
moval from the surface of such dying 
material as fast as it forms, continu 
exposing to weathering fresher mater 
thus providing a continuous flov 
energy and matter into the zone of pe 
genesis. 

Figuratively speaking, the cyclic } 
genic processes begin where the weat 
ing ends. This does not mean that 
beginning of the soil formation ends t 
weathering. It has already been point 
out that both processes concur in the s 
Weathering continues to attack the n 
eral framework of a skeleton of the s 
within the soil just as actively as outs 
it, and likely even more actively. 

A conspicuous feature of the stri 


pedogenic processes is the participati 


of the living substance in them. In fa 
the sphere of soil formation can be 
termined as a part of the crust of weat 
ering invaded by living organisms. ‘T! 
relationship between the soil and livi 
nature is so close that without much ex 














egeration it can be said that the soil is 


J 
é 


, storeroom, a nursery, a bridal hall and 
a cemetery of the entire organic world. 

A general trend of the biolgical activ- 
ity and the biological pressure determine 
the character of the soil more effectively 
than any other factor and probably even 
more than all the other factors together 
Organisms involve the 
yeles tremendous amounts of radiant 


into pedogenic 
energy and the new elements such as car- 
Moreover, if the 
framework of 


and nitrogen. 
weathering of a mineral 
the soil does not keep pace with the 
energy and requirements of the life, liv- 
ing substance itself stimulates the weath- 
ering and attacks the minerals with pow- 
erful enzymes. 

An introduction of life immensely in- 
ereases the complexity of a pedogenic 
process. It adds an immense variety of 
organisms to the multitude of minerals. 
The living substance, or a sum total of 
living organisms covers the surface of 
the earth by an almost continuous film. 


pon 


This substance represents a peculiar geo- 
chemical formation. Probably it is a 
crown of weathering, its final and the 
most elaborate product. The outstand- 
ing features of this formation are its dis- 
semination into innumerable individual 
organisms each of them enjoying a rela- 
tive independence from the others; its 
continuous and rather fast renovation, 
and an exceedingly high dynamism. The 
distribution of living substance through- 
out the land surface, its congestion in 
some particular region and a relative 
scantiness in the others, is regulated by 
the natural environment. The amount 
of life at any particular place is in equi- 
librium with its environment which de- 
termines certain limits for the expansion 
of life. Within these limits the life, so 
to say, saturates the surface of the earth. 
Such a saturation point is a point of equi- 
librium. At any particular and stable 
environment, the amount of life is rela- 
tively constant and represents a grade 
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of the biological pressure adjusted to this 
environment 

Biological pressure, whether expressed 
in tons of living substance per unit area 
or in quanta of its ener Ss Ol the 
most powerful factors of pedogenesis 
The field of pedogenie activity is swart 
ing with micro- and macrobio al 
population, is thoroughly penetrated by 
the roots, blanketed with organic resi 
dues and enriched by the products of d 
composition of these residues These 
react with the products of decompositior 
of minerals Various exothermic and 
endothermic reactions are taking plac 
and it is this ceaseless a tivity, this I 
tinuous flow of energy and matter, whicl 
makes the soil a dynamic system 

A laboratory investigation of soi 
chemistry and physics is made in samples 


of soil material. The soil material, how 


ever, is not adynamie soil. The samples 
of soil material do not represent the soil 
any better than a piece of wood repr 
sents a living tree. Therefore soil phys 
cist and soil chemist know that sooner or 


later they will have to take their precious 
instruments and reagents to the field an 
their diagnoses on a living 


They know that what they 


there check 
body of soil. 
are studying now in laboratories is 0 
a preliminary exploration of the funda 
mental laws which control the 
of soil formation in nature. 
Naturally 


nost of the investigations in 


the field of soil physics and chemistry are 
concerned with some part icular aspects Ol 
the problem. Many of them are not as 
yet properly coordinated with each other 


due to the vastness and relative 
of the field. 


before 


Much work still remains to 
the 

lem of soil dynamics can be 

This problem is concerned with 

forming cycles of energy ac 

with giving to 


be done fundamental prob 
attacked 
the soil 
mpanying 
the cycles of matter and 
the exact mathematical ex 


pression. 


process an 
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Nor so many years ago the run-of- 
the-mill citizen thought of a chemist as 
the man in the drug store who made up 
the doctor’s prescription, and he thought 
of an engineer as one who had charge 
of the machinery of a steamship or who 
chauffeured a locomotive. The chemist, 
because of his well-defined field of opera- 
tions, and some excellent publicity, has 
come to be recognized for what he is, a 
manipulator of atoms and groups of 
atoms who investigates how and under 
what circumstances they join with each 
other or part from each other to form 
new with new properties. 
The engineer, also, even more than the 
chemist, is now recognized in his role, 
for he is the industrial interpreter of 
scientific progress. 

But I am afraid that even to-day the 
science of physics remains a somewhat 


substances 


nebulous concept to the man in the 
street. There is a persisting spontane- 


ous association—which is vaguely known 
to be wrong—of physicists with castor 
oil. One reason for this is that the pur- 
veyors of physics for consumption 
always appear incognito as doctors, as- 
tronomers, Marine engineers, aeronauti- 
eal and communication engineers, and 
many others. There is no such thing as 
a physical engineer. The field of physics 
is broad, and each of its manifold sub- 
divisions has its own name which, with 
few exceptions, contains no ‘‘physies.’’ 

Physies is broad because it has to do 
with the properties of matter in general, 
in those changes and relations which do 
not involve chemical change. It is true 


that the simpler manifestations of phys- 
ics seem far less mysterious than those 
of chemistry. 


The floating of a stick 
430 


on water does not have the mystify 
quality of its consumption by fi 
Nevertheless, the nature of atoms, what 
they are composed of, their relati 
electricity, their disruption and refor 
mation, their interaction with light, + 
nature of collisions between them, 
all physical questions. We must 

to this list the laws of atomic dynamics 
which bridge the gap between phys 
and chemical properties. It thus 
pears that a synthesis of the physics 
the atom must lead to its chemistry s 
that physics is the fundamental scie1 
Its effect on mathematics will app 
shortly. Through chemistry, but 
through the tools for which it is res) 
sible, physics underlies biol 
medicine and even psychology. 

No one phase of human activity 
be separated from the social organiz 
tion as a whole. This is true of scie1 
Down the course of history the cross 
links have been manifold between scie1 
and other human activities, the prod 
tion processes, trade and communicatio! 
warfare and the arts. The needs o! 
era have given direction to the scientifi 
activities and scientific discovery has 1 
acted on society. The slogan of scie 
for science’s sake is as false historic 
as it would be sterile socially. 

The Egyptians were faced by th 
problem of surveying the landholdings 
which the Nile inundated. The river 
often changed its bed and it was neces 
sary to re-establish boundaries and areas 
for taxation purposes. As a result they 
laid the foundations of geometry. It 
was healthy because it was empirica 
It was amazingly exact. Later th: 
Greeks were to systematize it with good 


also 
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results, but were also to distill it from 
‘ts earth-born origin into the realm of 
pure thought, with unfortunate results. 

In the same era there was sufficient 
optical knowledge for the design of 
simple optical instruments. The Alex- 
andrians knew the fundamental law of 
magnification, and Euclid treated the 
eeometrical principles of reflection. 
Ptolemy had investigated the law of re- 
fraction and Archimedes is supposed to 
have constructed concave mirrors to use 
as burning glasses. Yet the social needs 
which were to stimulate the exploitation 
of this knowledge did not arise until the 
Dark Ages had passed. Then the advent 
of printed books created the need for an 
aid to vision and spectacles were in- 
vented. Two spectacle lenses made a 
telescope, which, turned to the heavens, 
helped solve the important problem of 
determining longitude on the long west- 
ern voyages of that age. Newton’s in- 
terest in the refraction of light is 
traceable to the colored fringes which 
invariably surrounded the images in the 
early optical instruments. 

This gets us somewhat ahead of our 
story. Archimedes was also interested 
in levers and was prepared to move the 
world, if only some one would furnish a 
fulerum. Nothing much seems to have 
come of this, although here was a pos- 
sible foundation for a development of 
machines. On the other hand, music, 
athletics, architecture, sculpture, the 
drama and philosophy flourished. These 
fields were the natural outlets for the 
social energy of citizens whose material 
needs were taken care of by slaves. A 
slave economy is not conducive to scien- 
tifie advance, for those who engage in 
the productive processes have no incen- 
tive, and contact with crude matter is 
beneath the social status of the citizen. 

The sun and the stars in their courses 
furnished mankind with his only clock 
and calendar at the earliest stages of 
civilization. The positions of the stars 
at sunrise or sunset determined the sow- 


ing of crops or the preparation for the 
rainy season. The study of the heavenly 
motions naturally followed. The geo- 
centric view could suffice until the deter- 
mination of longitude at sea made a 
simpler scheme for predicting the posi- 
tions of the planets desirable The 
Copernican theory met this practical 
necessity and came into general use in 
navigation long before there was ade 
quate evidence for its adoption 

Even that 


was a response to a pressing social need 


pseudo-seience, alchemy, 


The ruling classes of the dark ages had 
need of greater income for their wars 
and their living than the serfs with their 
slow rate of wealth production could 
supply. Gold was the desideratum, and 
alchemy proposed to supply it. May I 
point out that to-day we can produce 
wealth faster than we are prepared, so 
cially, to use it. Power lies in other 
things than gold. That we go on mining 
it makes us appear even more foolish 
than the alchemists. 

We know from his writings that New 
ton was interested in the problems of 
industry and commerce. Artillery was 
a new weapon in his time, but the laws 
of ballistics had not been discovered 
Newton laid the foundations of this 
branch of science when he formulated 
his three laws of motion. 

It is worth noting that the group 
whose meetings marked the beginning 
of the Royal Society of England, for 
years the leading scientific society of the 
world, drew up an outline of their pros- 
pective endeavors. To quote a chron- 
icler who recorded their purposes: 


They design the multiplying and beautifying 
of the mechanick arts. ... They intend the 
perfection of graving, statuary, limning, coin 
ing and all the works of smiths in iron or steel 
or silver. ... They purpose the trial of all 
manner of operations by Fire. . 
to restore, to enlarge, to examine Physick. . 


) 


. The y resoive 


They have bestowed much consideration on the 
propagation of Fruits and trees. . . . They have 
principally consulted the Advancement of Navi 


gation. . . . They have employed much Time in 
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examining the Fabrick of Ships, the forms of 
their sails, the shapes of their keels, the sorts 
of Timber, the planting of Fir, the bettering 


of pitch and Tar and Tackling. 


We have come far since those days 
The theory of relativity has stripped the 
cloak of mysticism from space and time, 
laying bare their intimate relation to— 
yes, their interdependence with matter 
Quantum theory rubs noses 
the electric eye, 
x-rays, rectifiers, sodium 
lamps, fluorescent lighting. Wave me- 
chanics links the strength of materials 
to the conduction of electricity in metals, 
and to the non-conduction of insulators. 

In any discussion of the relation of 
human advancement it is 
necessary to recognize the difference 
between the scientific approach, which 
actual facts and relation- 
ships, and counterfeit which 
reaches conclusions by arguing from in- 
tellectually acceptable premises. What 
makes it counterfeit is that the premises, 
while possibly related to facts, exist on 
a supposedly higher plane of reality 
which puts them beyond empirical test. 
Yet the conclusions from these premises 
are supposed to have validity in the 
world of reality. 

The physical sciences have largely rid 
themselves of this incubus, but because 
the social sciences have not it is worth 
while to look back at a famous example. 
It is Euclidean geometry. 

The supposedly self-evident postu- 
lates of that system were no more than 
a summary of then existing geometrical 
experience with physical objects. But 
the philosopher requires something be- 
yond empiricism. Accordingly, this 
limited realm of human experience must 
needs be endowed with a super reality 
so that universally valid conclusions can 
be reached. The progress of science was, 


and energy. 
with practicality in 


are 


mereury 


selence to 


is rooted in 
science, 


however, to deflate such intellectual ar- 
rogance by showing that only within dis- 
tances ranging between several atomic 
diameters and several times the earth- 
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moon distance was Euclidean 
valid, and only as far as we could 


view of our inaccuracy of measur 
Mathematicians, themselves, wer 
show that Euclidean plane geomet 
only a special case of the two 
sional geometry of 
This should 
indictment of pure mathematics 
the Grecian era the mathematic - 
He . 


eYT 
— 


surfaces in 


not be construed as r 


become more sophisticated. 
now that he is interested in 
as far as he can the relations of 
of concepts which may or may n 
any resemblance to parts of the p! 
world. Unhampered by questions 
physical reality, he 
many possible types of relationship a: I 


has invest 
deduced the consequences thereof. 1 
scientific value of these 
flights of pure fancy lies in the ci: 

stance that time and again a ¢ 

portion of the physical world has ' 
discovered to be linked together mo: r g 
less exactly in accordance with 

these sets of mathematical assumpt 


self-cons ST t | 


And then the theory can be applied as ve 
whole. 

Imaginary numbers are a case in point t} 
The square root of minus one, \/ — 1, was re 
invented by the mathematician to fi pi 
gap in the real number system, for W 
that system the square roots of negat th 
numbers do not exist. The mat! of 
tician had the satisfaction of finding 1 Ww 
the newcomer helped to explain the | re 
havior of real numbers, but otherwis W 
it was purely ornamental. lit 

Meanwhile the electrical art was « hi 
veloping. Certain advantages were Wi 
pearing in the use of alternating rat 
than direct current. It became neces ha 
sary to find a mathematical techniqu an 
appropriate to the new physical relat tic 
ships. The mathematician had it rea tr 
to hand in his explorations with \/-! tr 
And so they were married, \/—1 to ' in 
eycles, and they have lived together ha me 
pily and usefully ever since. co 

It would be wrong if I left you » th 
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impression that scientists have not 
en guilty of the sins of pure reason in 
their own field. Time and again scien- 
tists have been baffled by seeming contra- 
jictions, Which were only contradictions 
in terms of a description carried over 
nto a newer region of nature from a 
well-explored region. We have had to 
rn. for instance, that the laws of the 


jearn 
world of baseballs and balloons are the 
syntheses of those that describe the world 
f nuclei, atoms and light quanta, and 
that for astronomical distances, times, 
temperatures and pressures still another 
lescription is required. 

Having already discussed the general 
historical relation of science to society, 
I want now to examine a few of its more 
fundamental contemporary social conse- 
quences. What the more recent specific 
contributions of physics to our mode of 
life have been can well be left to such 
an excellent book as Professor Harri- 
son’s ‘‘Atoms in Action.’’ 

It is instructive to spend a few min- 
utes in examining a single scientific de- 
velopment. It would be hopeless to try 
to reproduce all the groping, searching, 
thinking, guessing, trying, testing and 
repeating of tests that are an essential 
part of the scientific method in action. 
What I hope you will grasp is some of 
this, and also some idea of the diversity 
of specialized knowledge and _ skills 
which must be tapped and the material 
resources which have to be available. 
What is chosen for examination is of 
little moment. A brief chapter from the 
history of the incandescent electric light 
will do as well as anything. 

The new incandescent lamp of 1911 
had a filament of drawn tungsten wire in 
an evacuated glass envelope. The isola- 
tion of tungsten had been a chemical con- 
tribution, its drawing into fine wire a 
triumph of metallurgy. The outstand- 
ing suitability of tungsten as the fila- 
mentary material was recognized as a 
consequence of its high melting point, for 
the study of heat had revealed that the 


higher the temperature of a body, the 
greater the fraction of the energy from 
it which appears as visibl 


The creation of a _ sufficient Vigo l 
vacuum was the culmination of a devel 
opment which von Guericke had started 
with the invention of the first air pump 
and which was to reach its final sta re, 
as of to-day, in the non-mechanieal con 
densation pump in which a condensible 
gas of heavy molecules like mercury 
vapor is used to blow the lighter mole 


cules of air and water vapor out of the 
vessel to be exhausted The mercury 
vapor is not actually blown through the 
lamp, but the same effect is obtained by 
connecting the lamp to the pump in 
which a blast of the vapor entrains the 
air molecules. A cold zone in the connec 
tion to the pump, kept cold with liquid 
air, prevents mercury from getting into 
the lamp, and the mercury in the ex 
hausted gas is condensed out by cooling 
with water. 

The art of glass making and blowing 
was necessary to the bulb. To carry the 
current from outside to inside a metal 
whose 
matched that of the glass had to be used 
If this metal shrank too rapidly on cool 


expansion with temperature 


ing it would pull away from the glass as 
the seal cooled, and if it shrank too slowly 
the stress created on cooling would crack 
the glass. 

One undesirable feature of the lamp 
was its blackening with use. This was 
thought to be due to chemical attack on 
the filament by gases which developed 
inside the bulb. But practically nothing 
was known about chemical reactions in 
the range between 2,000 and 3,000° C 

Research was undertaken primarily to 
gain an understanding of phenomena 
which occur at Jow gas pressures and 
high temperatures. It developed the fol- 
lowing facts which are a few among many 
others of great importance. Glass con- 
tains large quantities of water which is 
given up to a vacuum when the glass is 
heated. This evolution of water vapor 
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continues for many hours at any tem- 
perature, but by heating the glass above 
the temperature at which it will be 
finally used, it can be reduced to a 
negligible amount. A minute quantity 
of water vapor induces a progressive 
blackening of the glass, as does hydrogen, 
which strangely enough does not react 
with tungsten. On the other hand, oxy- 
gen, which does react with tungsten, has 
no such effect. 

These were valuable facts, but of equal 
significance was the discovery that even 
when all trace of deleterious gas was per- 
manently absent, blackening still oe- 
eurred. This was discovered to be the 
result of the natural thermal evaporation 
of the tungsten. At the time it appeared 
to offer an insuperable barrier to a 
further increase in lamp efficiency. 

The all-important reason for using 
vacuum was that this eliminated heat loss 
by circulation of the gas within the bulb 
and thereby increased the efficiency. On 
the other hand, further investigation of 
the effects of gases on tungsten showed 
that the presence of an inert gas cut down 
the blackening of the bulb. Was it pos- 
sible that gas would permit a sufficient 
rise in filament temperature so that the 
relative increase in light emission would 
more than compensate for the new con- 
vection heat loss. The laws of heat flow 
in gases, which had been worked out in 
the course of the same research, were 
applied, and the answer was yes, but only 
for filaments of an impossibly large 
diameter so far as common use was con- 
cerned. The difficulty could be solved by 
coiling the filament, for then its electrical 
characteristics would be those of the fine 
wire while its heat losses would be those 
of a heavy one. An ingenious solution, 
which, however, required a so-called non- 
sag filament, one which would retain its 
coiled shape throughout its life. Here 


vas a metallurgical problem again. Its 
solution involved another about-face in 
the constitution of the filament. 


Origi- 
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been 


had 
necessary to introduce thoria if { 
ment was not to disintegrate on 


nally of tungsten, it 


nating current. Now the purit; 
wire had to be reestablished, but a 
vised heat and mechanical treatment 
found which developed long inter! 
erystals in the wire. 
This account shows you a small] s 
of science at work, exhibiting its 
proach, its needs, its ramifications 
power and its consequences. Thy | 


proach is that of full knowledge of , | 
has been discovered before, and acknoy | 
edged ignorance of the new things | 1 
must be found out. 

Its needs of specialized knowleds 
research and development can only by 


filled by having a staff of specialists 


available for work and _ consultat 
And each scientific and engin 
advance creates its own experts in its | 
wake. s 
Each contributing specialized fi r 
brings its own materials and equipment : 
to the new task. Machine tools, n r 
scopes, meters, thermocouples, gauges r 
power supplies and so on are among p 
them. S 
Its consequences are the creation I 
new satisfactions for human needs a: p 
desires with an expenditure of less effort 
per unit produced. p 
b 


Its ramifications arise from th: 


suspected relations and undreamed sl 
effects that ure discovered. It is thes a 
which will be most fruitful in the fut s) 
One such effect has already been m rt 
tioned, that of a gas cutting down u 
rate of evaporation of the filament. T! q' 
incandescent lamp research also e! a 
dated another effect whose importa! vi 
was destined to equal that of the lis - 
Edison had found in his lamps ef 
an electric current would flow in te 
vacuum between the hot filament a 
another electrode. Langmuir prov = 
that a similar current flow in tungst 
th 


filament lamps was due to electro 














prove 


ngstel 


ectrons 





THE PHYSICIST AND EVOLVING CIVILIZATION 435 


evaporated continually out of the hot 
There was, seemingly, an 
considerable electric 


tungsten. 
opportunity for 
eurrent, carried by the electrons, to flow 
between the ends of the filament where 
the voltage difference was greatest. This 
phenomenon was the doorway to radio. 
The key to the door was the answer to 
the question: What limits the electron 
flow from a hot filament and keeps it 
very small even though the temperature 
is raised? The answer is: The mutual 
repulsion of the electrons whereby those 
which are traversing the vacuum retard 
the escape of their successors from the 
hot metal. Not only radio, but the mod- 
ern telephone system, and most of our 
methods of automatic control and record- 
ing are corollaries of the answer to that 
question. 

What we have seen in our small sam- 
ple of scientific endeavor is typical. It 
shows us that large social and economic 
resources must be available to create, 
gather together and hold the technical 
personnel and the physical plant. These 
resources are necessary at each level of 
progress, namely in fundamental re- 
search, in the development of a product, 
in its production and in the further ex- 
ploitation of the experience gained. 

The result is that science itself is a 
potent factor in the development of big 
There are other factors, to be 
sure, chief among which I should put the 
advantage of monopoly in a capitalist 
system. But the logic of scientific prog- 
ress points to large highly integrated 
units of development and production 
quite apart from the economic organiza- 
tion of society. The day of the indi- 
vidual researcher is past. The pattern 
now is one of cooperative interlocking 
effort. This is as true in medicine as in 
television. If you want insulin and 
sulfanilimide you will have to accept big 
industry, too. 

I have been at some pains to contrast 
the Aristotelian approach as exemplified 


business. 


by Euclid with the scientific method as 
illustrated in the electric light. I have 
tried to bring out that the self 
nature of postulates is no guarantee 
either of their validity or the 
within which they are valid, but that the 
ultimate arbiter is nature herself. Time 
and again nature has brought us up short 
with the proof that she is infinitely more 


evident 


range 


versatile and ingenious than even the 
mind of a genius. [I 
learned this lesson with regard to the 
physical world. Galileo, 
Einstein and Planck are all names asso 
ciated with 
thought. 
had to be revolutions because this les 


think we have 
Coperni us 
scientific 


revolutions in 
The associated advances only 


son had not been learned 

This lesson is still unlearned, however, 
with regard to the world of human af- 
fairs. In economics, we have, I think, 
disearded the Economic Man, and we do 
not hear so much about the Law of 
Diminishing Returns. But the author- 
ities still appeal to the Law of Supply 
and Demand. Demand, how expressed? 
By cash bid, by promise to pay, by peti- 
tion or by elemental human needs? De 
mand for what? 
standard of income, food, coming-out 
parties or jobs? Supply 


Opium, gin, a decent 


how adequate 
in volume and quality, delivered where 
and how long hence? ‘‘No,’’ our Aristo 
telian economist may say, “‘the law is 
more general than you 
Demand means effective 
certainly there are limitations on supply 
set by the economic and social circum- 
stances of the time and locality.’’ Per- 
haps this is a poor defense, but in my) 
brief excursion into economic theory I 
found no other. Let us incorporate the 
explanation into the statement of the 
law. Here is what we have: If a demand 
is effective in augmenting the supply, 
then the supply will increase, but some 
demands can not effect an increase be- 
eause of circumstances Does this say 
anything at all, let alone express a funda- 


would imply. 


demand, and 
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mental economic relation? Hadn’t we 
better forget it and start fresh with a 
detailed analysis of all the controlling 
factors? 

We are hearing much about the stimu- 
lation of private enterprise. How “‘pri- 
vate’’ are enterprises whose owners num- 
ber from the thousands into the millions? 
I hardly believe that the users of the 
term refer to the comparatively small 
number who own the bulk of the stock 
or to the increasing control by the man- 
aging personnel. How ‘‘private’’ is a 
corporation which controls a substantial 
portion of the transportation facilities, 
which have become a necessary part of 
our life, whether rail, air, water or auto- 
motive? How ‘‘private’’ is a corporation 
which either openly or secretly or in both 
ways uses its concentrated resources to 
influence legislation? And the word 
‘*stimulate’’ could bear a little historical 
and factual examination. 

Examples could be multiplied. I cite 
one more. It is common practice to begin 
a socio-economic discussion with the 
premise: All of us are divided into three 
parts, capital, labor and the public. Ap- 
parently the white-collar middle class 
must be the public because we are classed 
neither with capital nor labor though we 
do earn our living. And aren’t the 
capitalist and the worker part of the 
public? If wages are increased too much 
(what is ‘‘too much’”’ relative to actual 
union demands?) then the public, we are 
told, won’t be able to buy the product. 
Are these analysts really afraid that the 
increase in wages will be banked, as is 
happening to so much income at the 
present time? No valid conclusions can 
flow from this stereotyped erroneous 
subdivision of the population which is 
incomplete in its enumeration and over- 
looks essential interrelations. 

I believe that we are making some 
progress in the direction of science in 
human relations. More and more 
factual studies from which limited con- 


clusions can be drawn are being 
But we are advancing far too s 
The advance is slow because we 
blind to the possibility of applying 
ence and also because of active opposit 
It is too slow because in recent yea 
social maladjustments have been a 
lating more rapidly than our pow 
deal with them. 

An outstanding characteristi 
world that science has created is t 
individual no longer controls th: 
mental production processes 
processes have themselves becon 
intricate and subdivided. The 
gardener probably comes closest t 
trol, but he is absolutely depend ! 
gasoline, electricity, automobiles a1 
textile industry. At a more pri 
stage each of us had a less perfect 
direct control over our sources of s 
and means of fabrication. In perf 
our control of nature, however, 
erease her bounty and mitigat: 
severity we have developed a n 
tem of human relations whose ess 
functioning is as unknown to us 1 
were the relations between the eart! 
moon, planets and stars before C 
nicus and Kepler. 

In both cases the existing kn 
had been sufficient for many pur; 
in both cases powerful forces wer 
rayed against the logic of the facts w 
were accumulating. The essential d 
ence in the two situations is this: 





astronomical makeshifts could have | 
elaborated indefinitely. There was 


eritical urgency in the need for the 
pler navigation methods which th 
pernican view made possible. 0: 
other hand, the maladjustments in 
social arrangements have already 


sulted in positive retrogression in lar 


sections of modern civilization. In 
own country the expedients to whic! 


S 


have been temporarily forced appear t 


be increasingly necessary and at the sa! 


time increasingly impossible to main 
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g ma Is there any consensus of opinion that 
S101 ‘he gathering and correlation of social 
are ha nd economic facts should be vastly ex- 
ing s nan led? Are scientists more inclined 
OSItior than others to ask for this extension of a 
ars ruitful technique? In England some 
i ¢ them have developed a social aware- 
wer | ness that has not been exhibited in this 
intry. Here the scientist reserves his 
Oo ndependence of thought and the inquir- 
a noe attitude for his special field. As a 
the scientist he is right-handed and as a citi- 
| zen he is left-handed, and he lets not his 
me t richt hand know what his left hand 
> U joeth. 
t One excuse that lacks either candor or 
lent ntelligence is that experimentation is an 
and essential part of the scientific method, 
mit ind you can not experiment with human 
t but beings on a social seale. 
Sup} The answer to this is twofold. We 
te do experiment. Russia is one example, 


the settlement of Alaska another. Free 
publie education, every educational in- 
W SYS novation and every change in a social 
sent institution from the Montessori method 
to the TVA and socialized 
an experiment. 

Coper Second, many sciences do not find it 
Astronomers, 


medicine is 


possible to experiment. 


wiles for instance. The one astronomical ex- 
"poses periment I know of was that of Joshua, 
re ar who made the sun stand still, and, scien- 
W tifically speaking, it was a failure be- 
differ cause no one has been able to repeat it. 

TI Geology is a science, but what geologist 
e | has ever made a fossil in the laboratory? 
yas 1 In somewhat similar vein is the belief 
le § that there is an essential difference be- 


the relations of individualistie, 
mt thinking, emotional and willful human 
beings and those subsisting in the lower 
orders of life, and that this difference 
larg transcends the application of the scien- 
in our tific method. This is reminiscent of a 
conviction that has been widely held 


tween 


ear that the chemistry of life-processes was 
> $a essentially different from the chemistry 
ntal! of the test-tube. The laboratory syn- 





thesis of urea in 1828 effectively disposed 
of that view But let us diseuss the 
newer version. 

The present threat to our culture does 
not arise from factors which are unique 
from person to person. It arises from 


more or less universal characteristics in 
the interrelations between man and his 
social institutions. There are certainly 
variations from the norm which differ in 
these variations 


magnitude: and some of 


may themselves be large enough and 
common enough to be of significance 
But scientific method is prepared for 
this contingency just as mathematics 
was ready with the \/—1. In the study 


of gases physics has synthesized the in 
dividualistic behavior of atoms to derive 
the laws A 

science is devoted to problems 
this. 


As a matter of fact there is an existing 


vas whole branch of the 
akin to 
It is called statistical mechanics 

social institution which within the limi 
tations of its function applies statistics 
toa highly variable contingency of human 
life—namely, death 
that the chief threat to life 
the last thirty years has come not from 
the additional mortality of the First 
World War but from the developing eco 


nomic instability of our society itself 


It is worth noting 
insurance in 


The variations from the average are also 
this 
among others, those afflicted with syphi 


recognized in institution, because, 
lis, tuberculosis or diabetes can not avail 
themselves of it. 

But more cogent than these arguments 
is the fact that social studies have been 
important 


could 


made and have established 
relations within our culture whicl 
only be speculated about before 
I do not assert the imperative neces- 
sity for our culture to extend its use of 
science without realizing that the opposi- 
On the 
whole it is probable that science on its 
traditional ground had an 
time of it, even though it has, on occa- 


tion to this step is tremendous 


has easier 
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sion, trod on tender but powerful ecclesi- 
astical toes. In its application to social 
problems, however, it finds two enemies, 
those who fear that their moral precon- 
ceptions may not square with the impli- 
eations of the facts and those whose 
economic interests and social prestige 
are threatened. The latter can com- 
mand powerful weapons, which have 
been created by science itself, to combat 
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its extension and nullify its powe, 
This is a contingency which lies outs 
the power of science to deal with. 8; 
triangles, atoms and fruit-flies do 
talk back, but those whose social 
tions are obsolete do this, and more 
situation calls for a greater awareness 
the threat to our culture and the ) 

get the facts without which a solut 
impossible. 


THE GROWTH OF AN IDEA 


By Dr. CARL E. SEASHORE 


RESEARCH PROFESSOR OF PSYCHOLOGY, STATE UNIVERSITY OF IOWA 


Tue ‘‘idea’’ in this case is the convic- 
tion that musical talent is subject to 
scientific analysis and can be measured. 
Some forty odd years ago a colleague in 
the university faculty who was a very 
fine violinist kept boasting what a fine 
musical ear he had. One day I rose to 
the occasion and said, ‘‘ Van, I’ll find out 
how good your ear is by measuring it.”’ 
The challenge was accepted, I devised 
the apparatus, made the measurement 
and found that he could hear a differ- 
ence of about one seventieth of a tone. 
This was an objective fact, specific and 
verifiable. 

At that time it was a new idea that 
one could measure specific personal 
traits quantitatively. Terms like differ- 
ential psychology, individual differences, 
talent chart, 1.Q., vocational guidance, 
educational measurements, _ statistical 
methods, applied psychology, the psy- 
chology of music and many other facts 
about the recognition of the individual 
and his personal equation which now 
loom up so large were at that time prac- 
tically unknown. 

It is my purpose here to illustrate in 
a somewhat intimate and personal way 
the normal growth of laboratory re- 
search from a germinating idea as it can 
be traced in the Iowa laboratory. My 


treatment must, of necessity, take 
form of evaluation and bold touches 
highlights rather than the amassing 
descriptive facts and details. 

Van’s sense of pitch had been m 
sured, but what did it mean? T 
answer that question in part, I measur 
myself, and, to the surprise of bot! 
us, I found that my ear was as sensiti) 
as his. But this did not leave us n 
wiser, although on more nearly equ 
terms. -So I measured the sense of pit 
in a class of thirty students and fo 
that they varied from the ability to h 
approximately one hundredth of a t 
to the inability to hear a difference 
one-half tone. This then was the begi 
ning of a new scale of interpretat 
Van and I could compare ourselves wit! 
others. This measurement was repeate 
upon hundreds of adults, and relia! 
norms of distribution of capacity wer 
established. 

The question then arose: What is t 
eause of these very large differences 
When we found that of two normal! pe! 
sons, one may be more than one hundr 
times as keen as the other in pitch dis 
crimination and that this is relativ 
fixed, our first resort was to refer it 
differences of intelligence or powers 0! 
observation; but, to our astonishment 








rs of 


nent 
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we found that there was no significant 
correlation between the sense of pitch 
and intelligence. Indeed, the student 
who made the poorest record in the sense 
of pitch in my original series was one of 
the brightest of the class and is now a 
member of the faculty of the University 
of Iowa. 

The next hypothesis was that it might 
be due to training. To verify this, we 
first correlated the records on the sense 
of pitch with the records on the amount 
of training in music that each student 
had had and found that there was no 
significant relationship. That is, a keen 
sense of pitch is not due to training. To 
verify this startling find we took all the 
children in an eighth-grade room and 
gave them the most intensive training 
possible in this specific act daily for a 
month, and we found that the distribu- 
tion and degree of ability in this task 
remained practically the same at the end 
of the training as it had been before 
training. 

At that time it was believed, on the 
basis of certain experimental evidence, 
that pitch develops with the age of the 
child, but our eighth-grade children had 
done as well as the university students. 
This was contrary to musical and educa- 
tional theory at that time. We therefore 
established age norms from ten years old 
and up and found that aside from devel- 
opment in the capacity to apply them- 
selves to a task of this kind, there was 
no evidence of improvement in the sense 
of pitch with age. In spite of the fact 
that normal persons show astonishingly 
large individual differences in capacity 
for pitch discrimination, it is found that 
this capacity does not vary consistently 
with age, intelligence or training. 

Applying this to the evaluation of our 
first measurement upon Van and myself, 
we may say that our sense of pitch falls 
within the highest two per cent. in a 
normal community; that it is probably 
a fixed, inborn talent which is relatively 


independent of general intelligence and 
age; and that it improves with musical 
training only in the same sense that the 
acuity of vision improves with training 
in art production or appreciation. It 
must be clear to any one that all these 
psychological facts are of extraordinary 
educational, social, musical and economic 
significance. 

These first and 
launched us upon a program for an in 
tensive study of the sense of pitch which 


radical findings 


is still in progress and has borne most 
gratifying fruit in our knowledge about 
this type of individual differences as in 
volving principles of pure psychology, 


and applications of this knowledge in 
] 


anthropology, genetic psychology, hered 
ity, music and education. Through this 
our concept of a musical talent has been 
enriched and vitalized and we have dis 
covered its basic role in countless situa 
tions in daily life, art and industry, 
where its presence had not been recog 
nized before. 

It was natural, then, that we should 
ask: Whet other talents may be analo 
gous to this? This led us into an inves 
tigation of a number of recognizable 
units in the complex forms of pitch 
hearing, as in the hearing of consonance, 
harmony, melody and various types of 
modulations of pitch; and this led to the 
beginning of what we may call ‘‘the 
psychology of pitch.’’ 

We then made an objective analysis 
of tone to determine the characteristics 
of the sound wave and found that there 
are four and only four; namely, fre 
quency, amplitude, duration and wave 
form. For the hearing of each of these 
characteristics of tone we recognized the 
necessity of a specific capacity; namely, 
the sense of pitch, the sense of loudness, 
the sense of time and the sense of timbre. 
These cover the tonal, the dynamic, the 
temporal and the qualitative attributes 
of sound. 

We then entered upon a program of 
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measurement and analysis of each of 
these on the pattern of the studies on 
pitch and followed these four basic fac- 
tors into their variants, combinations 
and interrelations in the actual musical 
situation. This gave us a sound basis 
for the analysis of musical hearing. 

For each capacity for musical hearing, 
both simple and complex forms, we must 
look for a corresponding capacity for 
This 


motor 


performance or tone production, 


gave us a classification of the 


capacities necessary for the control of 


sound in a musical performance. 

This parallel classification of sensory 
and motor processes based upon the four 
characteristics of the sound wave* was 
found to carry through the higher men- 
tal processes of memory and imagina- 
tion, the higher cognitive processes of 
conception, judgment and reasoning, 
and the various aspects of feeling and 
emotion and all types of musical action. 
That is, when we remember a musical 
selection, imagine it, think and reason 
about it, and analyze our musical feel- 
ings and all types of musical action, it 
is always in terms of one or more of these 
four factors or their derivatives. They 
constitute the content to which the music 
gives form. —All musical creation, as in 
composition, is but the artistic arrange- 
ment of these four elements in musical 
content. All appreciation of music is in 
these terms. All mastery of musical 
performance may be expressed in these 
terms. 

Recognition of this type of classifica- 
tion constituted a preliminary survey of 
our field for investigation and made 
elements of musical experience and be- 
havior tangible for measurement and 
analysis in the laboratory. Thus we 
found ourselves in a most fascinating 
new field with opportunities for blazing 
trails in hundreds of directions thereto- 
fore unexplored. This new field we now 
call ‘‘ psychology of music.’’ As the field 
broadened, we found ourselves con- 
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stantly drawing upon and contributing 
to general principles of psychology 
were thrown into cooperation with a 
and underlying sciences on a large s 

It was gratifying to find that this sy 
ject could be treated either as pur 
applied that the apy 
aspects might be treated experiment: 
in the same manner as problems of | 
psychology and that the interests of ; 
psychology could be served in as 
and unhampered manner when a p 
tical application was in mind as w) 
it was not. We found ourselves . 
stantly drawing upon and contribu 
to general principles of psychology ; 
had to branch out in cooperation 
allied and underlying sciences. Fa 
nated by the magnitude and the im 
diate yield in this field of the science « 
sound, the staff and equipment of 
laboratory was for many years conc 
trated upon this objective at a sacrific 
of many other possible laborator 
interests. 

At that time there were no other lab 
ratories equipped for this operation; at 
every turn we were blazing new trails 
The matter of equipment was and is yet 
a constant problem calling for inge: 
ity, invention and facilities for the bu 
ing of instruments. The opening up of 
a new field of investigation calls for new 
types of equipment, means of measuring 
every aspect of sound, means for pri 
ducing all musically significant types « 
sound, means for the analysis of ea 
and every feature of the sound and 
means for the complete phonophoto- 
graphic record of any musical per 
formance. This represents a bewilder 
ing nest of complicated instruments 
Fortunately, the psychology of music 
was really made possible by the extra 
ordinary progress of invention and pr 
vision of instruments which came in 
through the commercially profitable ar 
scientifically intriguing developments in 
radio engineering. Without these, the 


psyche logy, 
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best contributions of any university 
laboratory would have been insignificant. 
They 


must be designed for specific problems. 
We could-not shoot at the blue sky of 


But instruments are mere tools. 


all the psychology of music, and there- 
fore we had to pick 
which from time to time became tangible 
Of these, there was an 
or indi- 


specific aspects 
and significant. 
abundance, all bearing directly 
rectly on the problem of laying scientific 
foundations for some phase of the art of 
music. One of the constant problems is 
the experimental definition of terms. 
Timbre, for example, was but little more 
than a French name. A permanent and 
verifiable definition had to be determined 
by experiment, and the loose musical 
jargon hovering around that concept had 
to be scrapped in favor of the experi- 
mentally determined definition of the 
word. This was the first step in the as- 
signment of an understandable and vital 
function to timbre in music. Prevailing 
theories had to be submitted to verifica- 
tion, as in the case of the laws of har- 
mony, action of the vocal cords, musical 
phrasing and scales. Our extensive pub- 
liceations of researches on such specific 
issues Of musical experience and beha- 
vior tell an interesting story. 

But the effort to deal with any single 
problem of musical sounds at once took 
us into allied fields, such as the peren- 
nial problems of heredity and environ- 
ment and the science of genetics, the 
physics of sound, the physiology of hear- 
ing, the endocrine basis for emotion and 
electrophysiology of nervous control. 
Since the object of the investigation was 
music, there had to be constant rapport 
with current leaders in musical theory, 
education and criticism. The barriers 
among such fields have broken down, and 
in the last fifty years progress has been 
made by leaps and bounds. As a result 
of the recent development in acoustics in 
the interests of radio and all other forms 
of sound engineering, we had in most 


IDEA 


eases only to share ar 
the common findings 
Out of the science b 


sources, new applied s 


ually emerged 
ment of musical 


midst of a pract 


As the 1 


talents became rect 


cation. 


approach to the 
differences, differ 
many new turns 
measurement in hear 
fields of mental testing 
into the World 

the questio 

tribute? 


from 


and som 
came the | 
the location of U 
of personnel. M 

a new scientific 
learned in the stu 
had its parallel and 

speech, and hence arose the psyel ology 
of speech. While each of the arts has its 
medium, they all have certain principles, 
talents and goals in common. In recog 
nition of this, there grew up in the labo 
division of the 


ratory a separate 


chology of graphic and plastic arts 


Musical anthropology which had previ 
been observation turned 


loose 


ously 
experimental. As we learned to record 
and interpret 


problems arose in regard to what is 


musical performance, 


possible and what is good in musical 
And through the years of 
musical 


performance. 
accumulation of 
classification and experimental 
we found 
for a scientific musical esthetics. 


terminology, 
theory, 
ourselves laying foundations 
None 
but 
the mere naming gives us some concep 
tion of the richness of 


of these problems has been solved, 


possibilities of a 
new field, such as that of the psychology 
of music. 

While much of the overhead work in 


the Iowa laboratory has been my happy 
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lot, the accomplishments in the whole 
program must be accredited to the large 
body of students and colleagues in the 
department who have shared in the 
building up of the laboratory. It must 
be clearly understood that the progress 
in large as we now see it is not the work 
of a single laboratory or the fruitage of 
a single idea but rather the integrated 
findings of many interlocking sciences, 
of many laboratories in each science and 
often of many individuals in the labora- 
tory. May I add also that the type of 
specialization here involved has fur- 
nished the workers in the field an excel- 
lent opportunity for broadening the 
scientific horizon and extending the 
vision into approaches to the science of 
the art of music. 

Such is a sort of privileged retrospect 
under the license for reminiscence ex- 
tended to an old man who has lived 
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through much of it. Perhaps the pictur 
is overdrawn. However, every st 
ment is subject to verification. I hay 
tried to see the development in relie; 
especially as it germinated and rose int 
the structure of a scientific family, 

in rich branching with foliage and fry 
ing. The germinating idea was that ‘‘j; 
ean be done’’; musical talents can }y 
measured. There was no sudden lea; 
from the sprouting of this idea up 
the present level of achievements; but 
progress was made by continuous log 
and tireless work going by natural ste; 
from one stage to another. The germi 
nating idea was not exactly new; it wa 
simply vitalized and thrown into lir 
with parallel developments. Perha; 
the most all-impressive contribution that 
has come out of this entire development 
is the revelation of how little we knoy 
of such a ‘‘knowable’’ subject. 


CAN THE UNITED STATES HAVE 
BUTTER AND GUNS? 


By ALFRED W. BOOTH 
DEPARTMENT OF GEOLOGY AND GEOGRAPHY, UNIVERSITY OF ILLINOIS 


cet 


THe slogan, tuns for Butter,’’ 
which epitomized the German campaign 
to re-arm, also powerfully expresses the 
place of vegetable and animal fats and 
oils in the modern industrial economy, 
and more especially, in the economies 
of warring nations. Numerous tales 
and incidents reported in our daily 
papers are constantly emphasizing and 
re-emphasizing the strategic impor- 
tance of fats and oils. Most of us have 
read stories about the Germans limiting 
the number of baths so that soap may 
be saved. We are all aware that Ger- 
many is raiding Denmark for its but- 
ter, and that margarine is being strictly 
rationed in Britain. Occasionally we 


hear of such desperate measures as that 
taken by France in sending a portio1 
of its fleet to Dakar to 
freighters loaded with vegetable oil 
Yet few people realize that our ow 
country would also be faced by an acu 
problem if our imports of vegetable « 
and fats were cut off. 


escort back 


and vegetable oils and fats in the 
United States is over 71 pounds per 
capita, a figure which far outstrips that 
of any other large nation. Certainly 
in view of this, animal and vegetable 
oils and fats must be considered as w 
plan for national defense or for any 
economic, political or military emer- 
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veney which might arise. Since the 
supply of animal fats and oils produced 
in the United States is normally ade- 
quate, the problems associated with 
vegetable oils and fats will be stressed 
in this discussion. 

Perhaps the importance of vegetable 
oils and fats in our everyday life, in 
our industrial life and in our projected 
preparedness program may best be em- 
phasized by listing some of the products 
which, in whole or in part, are obtained 
from them. These run the gamut from 
the oil in which our sardines are packed 
to the high-grade lubricating grease 
used in airplanes, from the paint on our 
ears to the eandle burning in a back- 
woods home, and from the linoleum on 
our kitchen floors to the shampoo we 
use on our hair. In listing these prod- 
ucts in the order of their quantitative 
importance, first place is occupied by 
shortening, vegetable fats having taken 
over that function from lard (Fig. 1). 
In second place is soap, about one half 
of which is made from vegetable oils 
and fats. Nearly all the best quality 
soaps used for personal purposes are 
manufactured from vegetable oils and 
fats. Next in order is oleomargarine, 
followed by other edible oils (salad oils, 
ete.), and paints and varnishes. Less 
important from the standpoint of 
amount consumed, but of great impor- 
tance because of their strategic values, 
are such products as linoleum, oil cloth, 
printing inks, high-grade lubricants, 
and especially glycerine and nitrogly- 
eerine, from which explosives are manu- 
factured. Vegetable oil is also utilized 
for quenching steel, as a flux in the tin- 
plating process, and as a base for dyes. 

Vegetable oils and fats are obtained 
from a great variety of plants belong- 
ing to a number of plant orders. 
Usually the seed is the source of the oil, 
although in some cases the oil is ob- 
tained from the fleshy pulp of the fruit. 
In the case of the oil palm the oil is 


obtained from both the pulp and the 
kernel. 


mainly according to their drying or 


Plant oils or fats are classified 


edible qualities or according to their con- 
sistency. Drying oils are those which, 
upon exposure to the air, have their ex- 
posed surfaces oxidized into a leathery 
skin, and are thus invaluable for the pro- 
duction of paints and varnishes. Some 
oils are considered semi-drying, that is, 
with but little processing can be made 
into drying oils. Soybean oil may be 
cited as an example of a semi-drying 
oil. Edible oils are those which are 
most palatable, which have high food 
value and which usually are non-drying 
A wide variation in classification is pos- 
sible since certain oils change from the 
edible to the non-edible class, or from 
the drying to the non-drying class, as 
prices fluctuate or as new processes for 
treating them are developed. 

The basic difference between an oil 
and a fat lies in their consistency at nor- 
mal temperatures. Usually the original 
plant product is an oil, but by the process 
of hydrogenation this oil can be changed 
into a fat. It was the perfecting of this 
process of hydrogenation about forty 
years ago that led to the introduction 
of oleomargarine as a butter substitute 
Since then vegetable oils have been more 
than co-equal to animal oils in world 
consumption and trade. Even in the 
United States, where animal oils and 
fats are still significant, the average con- 
sumption, exclusive of butter, is only 23 
pounds per person as compared to a 
vegetable oils and fats consumption of 
over 30 pounds per person. 

Almost three and one half billion 
pounds of vegetable oils and fats were 
consumed in the factories of the United 
States in 1938. Just how the present 
rearmament program will affect us is 
problematical, but no doubt an increase 
in consumption may be expected. Ap- 
proximately 46.5 per cent. of the vege- 
table oil and fat consumed in this coun- 
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FIG. 1. PRIMARY OILS AND FATS 
CONSUMED IN U. S. FACTORIES—1938. AN ANALY- 
SIS OF THE SOURCES OF UNITED STATES VEGETABLE 

OILS AND FATS. 


try was derived from cotton seeds, 16.7 
per cent. was derived from coconuts, 9.2 
per cent. from oil palm nuts, 9 per cent. 
from flax seeds, and 7.1 per cent. from 
soybeans (Fig. 2). The remaining 11 
per cent. of our vegetable oil and fat was 
derived from tung tree nuts, corn, pea- 
nuts, rape seeds, perilla seeds, castor 
beans, babassu palm nuts and a number 
of other oil-producing species. Espe- 
cially to be noted in this list are coconuts, 
oil palm nuts, flax seeds, and among the 
minor sources, tung tree nuts, castor 
beans and babassu palm nuts, since our 
entire supplies of the oils and fats de- 
rived from these plants are imported. 
Surprisingly enough, the United States 
also imports small quantities of cotton 
seed, corn and peanut oil. Of the three 
and one half billion pounds of vegetable 
oils and fats consumed in our factories 
in 1938, almost one half, or about one 
and one half billion pounds, was im- 
ported. These oils and fats come to us 
principally from the Philippine Islands, 
the Netherland East Indies, China, West 
Africa, Argentina, Brazil and Japan. 
The fact that we are now so dependent 


upon outside sources for vegetal 
and fats must be considered in « 
the course of American foreign 
macy and agricultural economy. 
Thus far, despite the present w 
vegetable oil trade has not been s 
affected. Our African supplies 
been partially cut off, but sine 
were already becoming less sig 
with the shift of oil palm product 
Sumatra, no shortages have been ec: 
Our imports of tung oil and, secor 
peanut oil, from China have als 
eurtailed. However, this curt 
has not been too serious, since H 
Kong is still an open port and ev: 
Japanese are not too unwilling to 
middlemen. The only result of 
European war thus far has been 
allocation of trade because certain 
bearing raw materials which fort 
went to England, Belgium and the N 
erlands for processing are now | 
shipped directly to the United States 
In planning for future supplies 
vegetable oils and fats, particular att 
tion must be paid to Southeastern A 
and the adjacent East Indies. Over t) 
thirds of our imports, or almost one t! 
of all the vegetable oils and fats 
sumed in this country, come from t! 
part of the world. Rubber and tin 
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FIG. 2. OILS AND FATS PRODUCTS 
PRODUCED IN U. S. FACTORIES—1938. AN ANAI 
SIS OF THE USES OF VEGETABLE OILS AND FATS 

THE UNITED STATES. 
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not the only raw materials which should 
nfluence the course of our diplomacy in 

Far East. aggression 
could become especially serious if the 
Philippines, from which we obtain 100 
ner cent. of our coconut oil, were cut off 


Japanese 


from trade with us. 

Two countries in South America con- 
tribute substantial amounts of vegetable 
ils and fats to the United States. From 
Argentina we obtain about two thirds of 
our linseed, and from Brazil we receive 
eotton, peanut, castor and babassu oil. 
Several other countries in South and 
Central America are potential sources of 

If Southeastern Asia and the East 
Indies were cut off from the United 
States trade, we should have to depend 
upon Latin America for the oils and fats 
of tropical plants. This potentiality of 
our Southern neighbors might well be 
utilized in our present ‘‘ hemispherical 
solidarity’’ campaign, since any effort on 
our part toward encouraging production 
of vegetable oils and fats in South 
America wouid be of mutual benefit. 
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FLAX ACREAGE, 1929* 


THE SPRING WHEAT BELT IS OUR GREAT PRODUCING AREA. 


* Figures 3, 4, 5 and 6, are printed through the courtesy of the U. S. Department of Agri 
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vegetable oils and fats. All other sig- oped. However, to make this ty 
nificant oil-producing plants, cotton, flax, plant profitable, oil prices would have ; 
tung, soybean, corn, castor bean, ete.,can rise considerably. 
be raised successfully in this country. Next on the list of oil-producing p 
Despite this, we now import vegetable which are grown in the United States jg 
oils and fats derived from all except one flax, whose seed (linseed) is the leadine 
of the plants just listed. Thus, any source of drying oil. At present we sy 
campaign for self-sufficiency would, per- ply about one third of our need. \ 
force, have two objectives: first, to be- of this comes from the grain lands of 1 
come independent of outside sources for Dakotas (Fig. 3). In view of our |! 
the oils and fats of the plants we can annual wheat surplus, it would seem t 
raise; and, second, by utilizing native the simplest solution to the prot 
plants, to balance the deficit which would would be to turn wheat acreage over { 
exist because we can not grow oil-pro- flax. However, flax is a difficult plant 
ducing palm trees. cultivate and harvest, and, in addit 
The leading native source of vegetable is much more subject to losses throug! 
oil is cottonseed. Better methods of vagaries of weather, weed growth, ins: 
expression and complete use of all our pests and blight than is wheat, so that 
seed would easily make up for the small even now, in spite of high protectiy 
amount of cottonseed oil which is im- _ tariffs, it is not a popular crop. Perha; 
ported. However, under existing cotton some férm of government crop insura) 
prices, a great extension of acreage, suffi- to make it a less speculative crop wo 
cient to make up our deficit, seems im- encourage increased production. Sor 
probable. It might be stated at this small subsidization might also be neces 
point that a variety of cotton which pro- sary. If these measures were instituted 
duces little lint and a seed which has a_ flax acreage might be increased to about 
high oil content has already been devel- the necessary 4,000,000 and self-sufi- 
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FIG. 4. SOYBEAN ACREAGE, 1929 
SOYBEANS ARE PRODUCED IN OUR CORN BELT AND MANY AREAS IN THE SOUTH. 
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PERHAPS SOME OF THE LAND TAKEN OUT OF COTTON PRODUCTION MIGHT BE DEVOTED TO OIL-PRODU( 
ING CROPS. 
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suffi- | oil seed and fiber suitable for linen (also A secondary source of drying oil is the 
a need in this country) will probably be tung tree. The United States imports 
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FIG. 6. PEANUT ACREAGE, 1929 
PEANUTS ARE AN EXCELLENT SOURCE OF EDIBLE OIL. 
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85 per cent. of its need of this important 
paint, lacquer and waterproofing mate- 
rial from China. Tung oil also enters 
into the manufacture of such products as 
linoleum, oil cloth, brake lining and inks. 
Since the Chinese supply was uncertain 


even in pre-war years, tung tree orchards 


were started in our Far South (southern 
Mississippi, Alabama, Georgia and north- 
ern Florida) about forty years ago. To- 
day, the lessons of production having 
been learned, the United States is well 
on the road to self-sufficiency, a goal 
which might well be reached in the next 
ten or fifteen years if the present rate 
of increase is maintained. For the time 
being, however, we are still dependent 
upon China. 

Since both drying and edible oil can 
be obtained from the soybean, that source 
of oil has unique value. So great are the 
potentialities of the United States for 
soybean production that we already sup- 
ply all our own soybean oil needs with 
ease. Large areas in the Corn Belt are 
almost ideal for its production. The 
great surplus of corn in recent years 
would seem to indicate that this corn 
land could easily, and even more profit- 
ably, be turned to the soybean, which also 
has the advantage of being a legumin- 
ous crop. Another large region of the 
United States which is suitable for soy- 
bean production is the South, where it 
is now grown mainly as a forage crop 
(Fig. 4). The 16 million acre reduction 
in cotton acreage in this country in 
recent years has certainly made land 
available for raising soybeans (Fig. 5). 
If soybean production could be tripled, 
at least one third of our deficit of vege- 
table oils and fats could be overcome. 

Two other crops which might be pro- 
duced in increasing amounts in our 
South are the peanut (Fig. 6) and castor 
bean. Peanut oil is an excellent edible 
oil and could well take the place of either 
the olive or cottonseed as a source of salad 
oils and in margarine production. By 


increasing our acreage only 

we could become self-sufficient 
twofold or threefold acreage 
should not be diffieult. Castor 
is an important source of lul 
particularly for use in aviation 
has special strategie importan 
need could easily be supplied by 
production. 

The case of corn as a source 
table oil is a puzzling one. This 
has always produced a tremend 
tity of corn, very little of whi 
ever, is utilized as a source of oil 
ing the first World War corn oil 
the market to make up for the d 
in fats and oils which existed at 
time. Admittedly, this oil was 
while inferior to other types, | 
very soon brought to a desirable 
standard. Yet after the war, it 
dropped out of sight in spite o 
sive advertising campaigns. Perhaps 
other effort to educate the An 
housewife to its desirability would | 
most effective wedge toward its inc: 
use. Corn oil, along with soybea 
peanut oil, might be the answer t 
problem of making this country 
pendent in its supply of edible oils 
fats. 

Although it is physically possibl 
the United States to become free of 
eign sources of vegetable oils and 
there are a number of ‘‘ifs’’ and 
which would make the freeing proc: 
long-time affair. Basically, most of 
difficulties are centered in the fact t! 
the education of both producer and 
sumer would require years to comp! 
It is also true that the farmer has alv 
been conservative in introducing ! 
crops or making sharp changes in 
cropping system. Though these char 
may be brought about more quick!) 
bounties, subsidies, or tariffs, all 
measures would result in increas 
prices, which, in turn, might result 
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ieereased demand. Such a condition 


would be incompatible with our goal of 
butter and guns. 

To tide us over a transitional period 
as smoothly as possible, substitutes for 
vegetable oils and fats would have to be 
utilized. Perhaps the best of these sub- 
stitutes is animal oils and fats of which, 
fortunately, the United States produces 
a great surplus. Each year, until the 
present European war, this country ex- 
ported over a billion pounds of lard. 
Much of this is now accumulating in 
warehouses. 

There are a number of objections to 
permanently substituting animal oils 
and fats for vegetable oils and fats. 
Briefly, these are: their non-drying qual- 
ity; their lower desirability for edible 
purposes; and their undesirability for 
soap-making purposes. If our acreage 
of oil-producing plants were gradually 
increased, our output of animal oils 
and fats would automatically decrease 
at a greater rate, since the acreage of 
forage crops would smaller. 
Thus the present problem of over-pro- 
duction of animal oils and fats would 
also be partially solved. It should be 
emphasized, however, that it would be 
our animal oils and fats which would 
best serve to carry us through any 
period of shortage. 

Other possible substitutes for vege- 
table fats and oils are mineral oils and 
chemically produced materials which 
perform the same duties as oils and fats. 
Even though mineral oils are a potential 
raw material source of certain oils and 
fats which could take the place of vege- 
table oils and fats (an artificial tung 
oil has already been perfected), the un- 
certainty of future supplies and their 


become 


importance in a war econon 
them unlikely substitutes 

few years chemically produced 
gents, soap substitutes contain 

or fats, have received considerable 
and prove to be 


tion may 


asset, since soap-making consun 


per cent. of our vegetable oils and 

At the present time, small amounts of 
detergents are used as soap substitutes 
Here again, the time factor becomes an 
element to be considered, for the 


struction and installation of the proper 


con 


apparatus and machinery can not be an 
overnight process. 

It thus appears that, if, 
try, we expect to have and to continue 


in this coun 


to have our guns along with our butter, 
we must be prepared for certain eventu- 
alities. At present, the 
threat upon our supplies of vegetable 
fats 
aggression in the Far East 


most serious 


lies in possible Japanese 
This threat 
would be especially serious if the Philip- 


oils and 


pines were lost, because it would cer- 
tainly be followed by a period of acute 
shortage and technological change. If 
we did not prevent such an eventuality, 
our best opportunity to prepare for its 
in the develop 
and 


consequences would lie 
ment of South American 
some changes in domestic production. 


sources, 


Of course, even the present or projected 
South American supply could be cut off, 
for example, by political unrest or by 
German economic penetration. Unless 
we are prepared to go through a rather 
painful readjustment period of from 
five to ten years, we must either be ready 
to prevent certain eventualities or must 
begin to prepare now for complete na- 
tional self-sufficiency in vegetable oils 


and fats. 








THE CREATIVE YEARS: 





MEDICINE, SURGERY 


AND CERTAIN RELATED FIELDS 


By Dr. HARVEY C. LEHMAN 


PROFESSOR OF PSYCHOLOGY, OHIO UNIVERSITY 


Durine what years of their lives are 
pioneer thinkers in medicine, surgery 
and public sanitation most likely to make 
their greatest contributions to the ad- 
vancement of their fields, advances which 
will be regarded by later generations as 
priceless boons to humanity? In previ- 
ous articles’ the fact has been emphasized 
that generalizations with reference to 
man’s intellectual productivity at vari- 
ous chronological age levels are some- 
times based upon one or a very few 
exceptional cases. Impressionistic judg- 
ments based upon so-called ‘‘illustrative 
are frequently fallacious. The 
general picture of man’s creativity at 


cases’’ 


successive chronological age levels can 
not be obtained by the use of ‘‘illustra- 
tive cases,’’ unless it is definitely known 
that the cited cases represent a well-se- 
lected sampling. Therefore, the critical 
student should always ascertain, if pos- 
sible, whether the citations which are 
submitted as ‘‘proof’’ are really fair and 
typical and nct outstanding exceptions. 

Nor do means and medians yield a very 
informative picture of the relationship 
between chronological age and man’s cre- 
ativity. The creative years may be en- 
visaged best not by reference to ‘‘illus- 
trative cases’’ which may have been 
obtained by inadequate sampling or by 
the use of a simple numerical average, 
which may hide as much as it reveals, but 
rather by study of age-curves (or statis- 

1(a) H. ©. Lehman, THe ScreNTIFIC 
MONTHLY, 43: 151-162, 1936. (b) J. B. Heid- 
ler and H. C. Lehman, The English Journal 
(College Edition), 155: 294-304, 1937. (c) H. 
C. Lehman, THE Screntiric MonTuHLY, 45: 65- 
75, 1937. (d) H. C. Lehman, The Research 
Quarterly, 11: 3-19, 1938. (e) H. C. Lehman 
and D. W. Ingerham, THE ScrENTIFIC MONTHLY, 
48: 431-443, 1939, 
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tical distributions) which reveal th: 
tive productivity of all age groups 

It is the present writer’s thesis t¢} 
many of the studies heretofore publis} 
have tended to present a distorted 
ture of man’s creativity. These « 
studies have been honest, in so 
conclusions which are based upo: 
limited data can be honest, and t 
have been interesting. But they 
been analogous to the lawyer’s one-s 
plea. Some writers, for example, | 
presented an apparently strong cas 
youth; others have made a special 
for the aged. When controversy rag 
a middle position, though perhaps les 
interesting, is likely to be more te: 
than is either extreme point of view 

Careful study of the relative prod 
tivity of the various age groups involves 
among other things: (1) isolation of t! 
most important contributions, (2) ide: 
tification of the contributors, (3) kn 
edge of when the contributions wer 
made and (4) knowledge of the ex 
birth and the death dates of the contrib 
tors. With the foregoing informatio: 
becomes a routine task to ascertain 
each age group the average number 
contributions that should be placed to its 
credit. The resultant averages sho 
reveal clearly the age groups that h: 
been most productive. One except 
to this last statement should be m 
tioned. It is quite impossible to know 
the amount of time that must often hav: 
elapsed between the birth of a great idea 
and its public announcement. Ob\ 
ously, the date of announcing an inve! 
tion or a discovery does not enable us t 
know the chronological age at which the 
contribution was actually made. W: 
ean know only that the contributions 
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that are to be discussed herein occurred 
not later than the chronological age to 
which they are credited. 

The problem of evaluation presents a 
second difficulty. How are the fruits 
of genius to be evaluated? Does any 
individual possess the technical knowl- 
edge requisite for identifying the most 
important eontributions that have been 
made in the fields of medicine, surgery, 
sanitation and the like? Would it not 
be presumptuous for the layman to at- 
tempt to evaluate the contributions 
which have been made in these highly 
specialized fields? Fortunately, in many 
instances, the task of evaluation is one 
that has already been performed by un- 
intentional collaborators—by specialists 
in the various fields of endeavor. In 
one sense the present study is therefore 
merely a by-product of previous studies 
that have been made by recognized ex- 
perts, who published their evaluations 
under their own names and who there- 
fore must have felt their professional re- 


sponsibility for making just evaluations. 

The utilization of appraisals that have 
been published by well-known experts is 
desirable for still another reason. It is 
probable that most of the present writ- 
er’s unwitting collaborators made their 
appraisals without thinking at all about 


the problem of age differences. Evalua- 
tions thus made are all the more useful 
for the study of age differences in pro- 
ductivity, since they are likely to be im- 
partial judgments in so far as the age 
factor is concerned. 

For example, in a book entitled ‘‘The 
Fundamentals of Bacteriology’ Profes- 
sor C. B. Morrey presents a chronology 
of the contributions which he regards as 
the foundation stones of the science of 
bacteriology. Morrey lists not only the 
contributions but also the names of the 
contributors and the years during which 


2C. B. Morrey, ‘‘The Fundamentals of Bac- 
teriology.’’ Third Edition. Philadelphia and 
New York: Lea and Febiger, 1923. Pp. xiii+ 
344. (See the chronology on bacteriology on 
pp. 33-36). 


each of the various advances was either 
made or first published. With this es 
sential information at hand, the present 
writer undertook the task of finding the 
birth and the death dates of the various 
contributors. Some of these dates were 
found easily, some were found with diffi- 
culty, and some of them could not be 
found at all. The fact that some of the 
birth and death dates are unrecorded 
suggests that brilliant achievements are 
not always recognized as such by an in- 
dividual’s contemporaries. If the note- 
worthy contributions had been appraised 
immediately at their true worth, surely 
the birth and the death dates of the con 
tributors would have been recorded ! 
Fig. 1 presents the results obtained by 
study of Morrey’s chronology, namely, 
the chronological ages at which 50 out 
standing discoveries were made by 41 
pioneers in the field of bacteriology 
Since Fig. 1 presents the average num- 
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FIG. 1. AVERAGE NUMBER OF CONTRIBUTIONS TO 

BACTERIOLOGY DURING EACH FIVE-YEAR INTERVAL 

OF THE CONTRIBUTORS’ LIVES. THIS GRAPH PRE 

SENTS DATA FOR 41 INDIVIDUALS WHO MADE 50 
CONTRIBUTIONS. 


ber of contributions at each chronological 
age level, this figure makes proper allow- 
ance for the fact that more of the con- 
tributors were alive at the younger than 
at the older age levels. Thus, in obtaining 
the data set forth in Fig. 1, it was found 
that, at the age interval 35 to 39 inclusive, 
the average number of contributions 
from each individual was 0.050, whereas, 








452 


at the age interval 55 to 59 inclusive, the 
average had fallen to 0.022. In Fig. 1 
the curve is so drawn as to be only 0.022 
0.050 as high at ages 55 to 59 as at ages 35 
to 39, thereby indicating that average 
productivity was only about two fifths 
as great at ages 55 to 59 as at ages 35 to 
39. 

If, regardless of the number of indi- 
viduals that remained alive, the older age 
groups had contributed at the same aver- 
age rate as did age group 35 to 39, the 
curve in Fig. 1 would have remained as 
high at the older age levels as it is at the 
age interval 35 to 39. Actually, the curve 
in Fig. 1 descends rather abruptly after 
attaining its peak at the age interval 35 
to 39. Fig. 1 thus seems to reveal clearly 
and unmistakably that, in proportion to 
their numbers, men have made contribu- 
tions to the science of bacteriology most 
frequently at ages 35 to 39, inclusive. 

Let us see what has occurred in fields 
other than bacteriology. Fig. 2 presents 
the chronological ages at which 59 im- 
portant works were first published by 54 
noted physiologists. Data for the con- 
struction of Fig. 2 were obtained from 
Professor J. F. Fulton’s ‘‘Selected Read- 
ings in the History of Physiology.’” 
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FIG, 2. AVERAGE NUMBER OF CONTRIBUTIONS TO 


PHYSIOLOGY DURING EACH FIVE-YEAR INTERVAL OF 

THE CONTRIBUTORS’ LIVES. THIS GRAPH PRE- 

SENTS DATA FOR 54 INDIVIDUALS WHO MADE 59 
CONTRIBUTIONS. 


8 J. F. Fulton, ‘‘Selected Readings in the His- 
tory of Physiology.’’ Springfield, Il.: Thomas, 
1930. Pp. xx+317. 





Professor Fulton presents not 

names of the contributors and the 
tributions, but the birth ar 
death dates of the contributors a) 
year during which each of the s 


also 


contributions was first published. ( 
putation of average productivity 
chronological age level (see Fig. 2 
therefore a relatively easy task.‘ | 
evident at once that Fig. 2 bears 
resemblance to Fig. 1. In each of t 
curves a definite peak occurs at ages 35 ¢ 
39, inclusive, and beyond this age int 
both curves exhibit marked declines 

A goiter chronology was fow 
Professor Robinson’s ‘‘Syllabus of M | 
eal History.’ In the latter chrono! 
Robinson endeavored to list fundam 
eontributions which have to do y 
either knowledge of, or the treatment 
Fig. 3 is based upon 52 suc! 
tributions that were made by 40 
ferent individuals. In Fig. 3 it 
necessary to include the works of | 
living and deceased contributors in order 
to obtain sufficient data to yield an 
Despite this fact, the peak of 

4Since it is not possible to study the entir 
life work of individuals who are still living 
achieving, Figs. 1 and 2 present data 
ceased individuals only. For these the r 
complete, and future will pr 
change it only slightly, if at all. There is at 
one other important reason for omitting t! 
tributions of living individuals. The eva 
of contributions that are made by one’s conte: 
poraries is an extra-hazardous undertaking, « 
when the evaluations are made by experts. Wit 
the passing of time a better perspective is | 
to be attained, and contributions can th 
appraised at more nearly their real worth. 
the significance of Gregor Mendel’s import 
paper on genetics was not fully realized 
some years after Mendel’s death. And the pr 
ent writer has assembled data which seem 1 
suggest that this was not an isolated inst 
Often achievements which are hailed with 4 
claim by one’s contemporaries are regarded 
unimportant by 4 critical posterity. Therefor 
unless otherwise stated, the graphs that aré 
sented herein will be based upon the works 
deceased individuals only. 

5V. Robinson, ‘‘Syllabus of Medical His 
tory.’’ New York: Froben Press, Inc., 19 
Pp. 110. (See p. 83.) 
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rig. 3. AVERAGE NUMBER OF CONTRIBUTIONS PER 
FIVE-YEAR INTERVAL WHICH HAVE TO DO EITHER 
WITH KNOWLEDGE OF OR THE TREATMENT OF 
GOITER. THIS GRAPH PRESENTS DATA FOR 40 
INDIVIDUALS WHO MADE 52 CONTRIBUTIONS. 





eurve is again attained at ages 35 to 39, 
and a sharp descent occurs thereafter. 
Fig. 4 presents data for 216 contribu- 
tions to the science of pathology which 
were made by 170 different individuals. 
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Fig. 4. AVERAGE NUMBER OF CONTRIBUTIONS TO 
PATHOLOGY DURING EACH FIVE-YEAR INTERVAL OF 
THE CONTRIBUTORS’ LIVES. THIS GRAPH PRE- 
SENTS DATA FOR 170 INDIVIDUALS WHO MADE 216 
CONTRIBUTIONS. 
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The list of pathological milestones was 
assembled and published by Professor 
E. B. Krumbhaar.* In Fig. 4 the peak 
which appears at ages 35 to 39 is even 
more narrow than are the peaks which 

*E. B. Krumbhaar (Editor), ‘‘Clio Medica: 
A Series of Primers on the History of Medi- 
cine.’’ XIX, ‘‘Pathology,’’ by E. B. Krumb- 
haar. New York: Paul B. Hoeber, Inc., Medi- 
cal Book Department of Harper and Brothers, 
1937. Pp. xvii + 206. 


are to be found in the three figures that 
precede Fig. 4. 

Fig. 5 presents additional data from 
the field of pathology. The data for Fig. 
5 were obtained from a book by Profes- 
sor E. R. Long entitled ‘‘Selected Read- 
ings in the History of Pathology.’ Al- 


though Fig. 5 presents data for only 30 
contributions by 27 deceased individuals, 
it is of interest that this very select group 
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FIG. 5. AVERAGE NUMBER OF CONTRIBUTIONS TO 
PATHOLOGY DURING EACH FIVE-YEAR INTERVAL OF 
THE CONTRIBUTORS’ LIVES. THIS GRAPH PRE 
SENTS DATA FOR 27 INDIVIDUALS WHO MADE 30 
CONTRIBUTIONS. 


of cases yields a curve in which the peak 
occurs once again at ages 35 to 39, in- 
elusive. It should perhaps be stated that 
Fig. 5 was smoothed from ages 40 to 80 
inclusive by taking ten years, instead of 
five, as the unit. This procedure in- 
creases the number of cases in each age 
group. Irregularities are thus elimi- 
nated, and the general trend of the age 
differences is brought out more clearly. 

Fig. 6 sets forth 89 advances in the 
science of anatomy which were made by 
70 individuals. The contributions used 
in the construction of Fig. 6 were listed 
in F. H. Garrison’s ‘‘An Introduction 
to the History of Medicine.’’* This lat- 

7E. R. Long, Editor: ‘‘Selected Readings 
in Pathology from Hippocrates to Virchow.’’ 
Springfield, Ill.: Thomas, 1929. Pp. xiv +301. 

8F. H. Garrison, ‘‘An Introduction to the 
History of Medicine.’’ Fourth Edition. Phila- 
delphia and London: W. B. Saunders Company, 
1929. Pp. 996. (A chronology of medicine and 
public hygiene is given on pp. 809 7.) 
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Fig. 6. AVERAGE NUMBER OF ADVANCES THAT 


WERE MADE IN ANATOMY DURING EACH FIVE-YEAR 

INTERVAL OF THE SCIENTISTS’ LIVES. THIS 

GRAPH PRESENTS DATA FOR 70 INDIVIDUALS WHO 
MADE 89 CONTRIBUTIONS. 


ter book contains an extensive chronology 
of medicine, broadly defined, and public 
hygiene. It will be noted again that Fig. 
6 does not differ very greatly in general 
outline from the figures which have pre- 
ceded it.® 

Fig. 7 is based upon 188 medical dis- 
coveries and inventions that were made 
by 159 individuals. The data for this 
figure were found in B. J. Stern’s ‘‘So- 
cial Factors in Medical Progress.’”° 
Stern presents a long list of multiple 
but independent discoveries and inven- 
tions in the field of medicine. Stern as- 
sembled his list in an attempt to discover 
whether inventions and discoveries in 
medicine would not have been made irre- 
spective of the individuals who are now 
heralded as great innovators. On the 
basis of his extensive researches Stern 
asserts boldly that discoveries and inven- 
tions depend largely upon antecedent 
contributions and cumulative social 
gains. He believes that the alleged 
genius is largely the product of his en- 

® By identifying in Garrison’s chronology 
those contributions which have been of primary 
importance to the science of anatomy, Dr. Rush 
Elliott, of Ohio University, gave the present 
writer expert assistance in this phase of the 
present study. Thanks are expressed herewith. 

10B. J. Stern, ‘‘Social Factors in Medical 
Progress.’’ New York: Columbia University 
Press, 1927. Pp. 136. (See pp. 11 7.) 
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FIG. 7. AVERAGE NUMBER OF MEDICAL DIs 


IES AND INVENTIONS THAT WERE MADE I 

EACH FIVE-YEAR INTERVAL OF THE CONTRIB 

LIVES. THIS GRAPH PRESENTS DATA FOR 15 
DIVIDUALS WHO MADE 188 CONTRIBUTION 


vironment, the instrument through w! 
an idea or a creation receives express 
Stern therefore insists that practic: 
the same progress would have been n 

in medicine if any or all of the popula: 
recognized research heroes had n 
lived. Whether the validity of Stern’s 
contention be granted or denied, Fic. 7 
and the other graphs that are present 
herein certainly suggest that chron 

eal age is a very important factor 
medical progress. 

Fig. 8 is based upon 97 contributions t 
surgery which were made by 73 ind 
viduals.** It should perhaps be n 
tioned at this point that the present art 
cle deals not at all with the individual 
surgeon’s technical or diagnostic skil 
but with recognized advances in the fie 
of surgical knowledge and practice. It 
is quite possible that a surgeon’s own s! 
may reach its peak later in life, but t! 
his important contributions to his pr 
fession are more likely to occur as in 
eated in Fig. 8. 

The data for Fig. 8 were obtained fr 
F. H. Garrison’s ‘‘An Introduction 
the History of Medicine.’"* Alth: 

11 Dr. D. H. Biddle, a practicing physiciar 
Athens, Ohio, identified in Garrison’s ch 
ogy those contributions which have to do 
marily with surgery. The present write: 
grateful for Dr. Biddle’s able cooperation. 

12 F. H. Garrison, op. cit. 








Melee 
0 
) “ 
=Q 

‘ 
rhic} 
Sor 
vali, 
Val 
. ) 
nad 
ar 
eVeT 
Ts 
, 

ye 
nite 

. 

ne 
iS Te 
nal 
en 
rt)- 
= 
ual 
1°) 
Klil 
] 
eli 








THE CREATIVE YEARS 455 








4 f | 
‘ \ 
j \ a 
4 4s 4 s A. A 4. 4 A Se ee a’ 
s 0 28 3© 3 © @ SO 8 6 68 7 7S 


Cir mologtcal ages. 
vig. 8. AVERAGE NUMBER OF ADVANCES IN SUR- 
ICAL TECHNIQUE THAT WERE MADE DURING EACH 
FIVE-YEAR INTERVAL OF THE CONTRIBUTORS’ LIVES 
HIS GRAPH PRESENTS DATA FOR 73 INDIVIDUALS 
WHO MADE 97 CONTRIBUTIONS. 


the peak of Fig. 8 occurs at ages 35 to 
39. it is worthy of mention that the dec- 
rement from ages 37 to 57 is less marked 
than are the decrements which are to be 
found at corresponding age levels in the 
“urves which have preceded Fig. 8. This 
more gradual decline in Fig. 8 may pos- 
sibly be due in part to greater delay in 
the announcement of surgical advances. 
Or it may be that, with advance in 
chronological age, contributions to sur- 
gery fall off more slowly than do con- 
tributions to the other fields that have 
been discussed herein. 

Fig. 9 sets forth data for 147 classical 
descriptions of disease which were writ- 
ten by 102 different authors. These de- 
scriptions appeared in Dr. Ralph Major’s 
book, ‘‘Classical Descriptions of Dis- 
ease.’""* For the benefit of any who may 
wish to repeat the present study the fol- 
lowing comments regarding the method 
of tabulating the data from Professor 
Major’s book are included at this point. 
The dates of the classical descriptions of 
disease were utilized only when dates of 
first publication were available. Post- 
mortem publications were ignored when- 
ever it was impossible to ascertain when 

13R, H. Major, ‘‘Classical Descriptions of 
Disease.’’ Springfield, Illinois. Thomas, 1932. 
Pp. xxvii + 630. 
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FIG. 9. AVERAGE NUMBER OF CLASSICAL DI IP 
TIONS OF DISEASES WHICH WERE FIRS 


DURING EACH FIVE-YEAR INTERVAL OF THE ¥ 
ERS’ LIVES. THIS GRAPH PRESENTS DATA FOR 1 


AUTHORS WHO MADE 147 CONTRIBUTIONS 


such publications were written. If 
Professor Major quoted from a transla 
tion or from some edition other than the 
first edition, the excerpt was counted only 
when the date of first publication was 
also available. If excerpts from a given 
source study appeared under more than 
one disease-heading in Professor Major’s 
compilation, the source was counted as 
many times as excerpts therefrom were 
reproduced in Major’s book. For exam 
ple, age group 80-84 received five credits 
solely because at 80 G. B. Morgagni pub 
lished a book entitled ‘‘De sedibus et 
causis morborum,’’ which is quoted at 
five different places in Major’s ‘‘ Classical 
Descriptions of Disease.”’ 
grroup 30-34 received three eredits be 


Similarly, age 


} 


cause at 30 James Hope published a book 
which is quoted by Dr. Major at three 
different places. In Fig. 9 the work of 
one man, G. B. Morgagni, is responsible 
for the rather marked rise in the curve 
at ages 80 to 84. Although age group 80 
to 84 probably does not deserve sole 
eredit for Morgagni’s oft quoted pub 
lication, sole credit was alloted to this 
age group because it seemed to the pres 
14 The post-mortem publications were few i1 
number. The discarding of some of these p 
mortem contributions has probably not infl 
enced the shape of the age-curves very materially 
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ent writer that it would be highly subjec- 
tive and unfair not to make this allocation 
of credit. 

In general, it will be noted that Figs. 8 
and 9 closely resemble each other. Both 
of these age-curves attain their peaks at 
ages 35 to 39. Both curves sustain them- 
selves fairly well until age interval 55 
59 is attained, and both exhibit a decided 
decrement beyond age 60. It is possible 
that Fig. 9 sustains itself so well at the 
upper-age levels because of the time-lag 
that may have sometimes occurred be- 
tween the date of writing a classical de- 
scription and the date of first publishing 
it. This latter hypothesis certainly ac- 
counts for the final rise of the age-curve 
in Fig. 9. It is well known that Morgagni 
spent many years writing his famous 
book. On the other hand, the relatively 
slow falling off of the curve in Fig. 9 (at 
ages 37 to 57) may be due in part to the 
fact that in many instances the classical 
description of a disease must be based 
upon prolonged experience with the dis- 
ease in question. 

Fig. 10 presents information regard- 
ing the discovery and introduction of 73 
drugs and remedial agents employed in 
medicine. The 73 contributions were 
made by 44 persons. The chronology was 
obtained from Power and Thompson’s 
**Chronologia Medica.’’** Fig. 10 attains 
its peak at ages 30 to 34, inclusive, thus 
providing the only instance in the present 
study in which an age-curve fails to at- 
tain its peak at ages 35 to 39. 

In his book, ‘‘A Hundred Years of 
Psychology,’”** J. C. Flugel has pub- 
lished a chronological table of what he 
describes as ‘‘some major events in the 
history of modern psychology.’’ It was 
possible to obtain birth and death dates 


15 Sir D’Arey Power and C. J. 8S. Thompson, 
‘*Chronologia Medica: A Handlist of Persons, 
Periods and Events in the History of Medi 
cine.’’ New York: Paul B. Hoeber, Inc., 1923. 
Pp. iv+278. (See pp. 237 ff.) 

16 J. C. Flugel, ‘‘A Hundred Years of Psy- 
chology.’’ New York: The Macmillan Com- 
pany, 1933. Pp. 384. 
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FIG. 10. AVERAGE NUMBER OF DRUGS AND 
DIAL AGENTS EMPLOYED IN MEDICINI 
WERE EITHER DISCOVERED OR INTRODUCED | 
EACH FIVE-YEAR INTERVAL OF THE CONTRI 
LIVES. THIS GRAPH PRESENTS DATA FOR 
DIVIDUALS WHO MADE 73 CONTRIBUTI 


for 50 deceased individuals who made §° 
eontributions. Fig. 11 reveals the 
sultant age-curve. The peak again o 

at ages 35 to 39, inclusive. 

Fig. 12 presents 801 miscellaneous 
vances in medicine and in public hyg 
which were made by 537 individuals a 
of whom are now deceased. The data 
were obtained from F. H. Garrison’s 
book, ‘‘ An Introduction to the History 
Medicine.’’** Garrison’s extensive 
includes some of the contributions that 
were listed also in the other chronologies 
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FIG. 11. AVERAGE NUMBER OF CONTRIBUTIONS T 
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OF THE CONTRIBUTORS’ LIVES. THIS GRAPH ! 
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17 F, H. Garrison, op. cit. 
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that have been employed in the present 
study. Therefore, some of the advances 
utilized in the construction of Fig. 12 
were used previously in the construction 
of the other graphs that have been pre- 
sented. Many of the 801 contributions, 
however, have not been previously em- 
ployed. 
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rig. 12. AVERAGE NUMBER OF ADVANCES IN MEDI- 

CINE AND PUBLIC HYGIENE WHICH WERE MADE 

DURING EACH FIVE-YEAR INTERVAL OF THE CON- 

TRIBUTORS’ LIVES. THIS GRAPH PRESENTS DATA 

ror 537 INDIVIDUALS WHO MADE 801 CONTRIBU- 
TIONS. 


It will be noted that Fig. 12 has a 
smoother appearance than have most of 
the age-curves which precede it. This 
finding is due in part perhaps to the fact 
that Fig. 12 is based upon a relatively 
large number of cases. Like ten of the 
eleven figures which preceded it, Fig. 12 
shows a peak at ages 35 to 39, inclusive. 
On the whole, the assembled data strongly 
suggest that, in proportion to their num- 
bers, men have made contributions to 
medicine most frequently while they 
were still in their thirties. In eleven of 
the twelve age-curves that are shown 
herein the peak of productivity occurs at 
ages 35 to 39, inclusive. In the one re- 
maining curve the peak occurs at ages 30 
to 34, inclusive. 


FURTHER REMARKS 


In the preparation of this article the 
contributions of great men have been 
studied. Collectively, these men have 


probably done more for humanity than 
have all the warriors and statesmen and 
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politicians who ever lived It has been a 


privilege to contemplate the achieve- 
ments of these creators of modern medi- 
cine and surgery. It is a pleasure to 
know that the age-long search for new 
means of controlling disease and human 
suffering is to-day receiving more positive 
aid and encouragement than perhaps 
ever before in the history of the race 

In the field of medicine, as in other 
fields, man’s progress has frequently been 
opposed by ignorance, bigotry, stupid- 
ity, ridicule, intolerance and the pressure 
of poverty. Religious beliefs too have 
often been a major obstacle to further 
immediate advance. Some potential con- 
tributors to medicine have perhaps been 
crushed by one or more of these hostile 
forces; others possibly have only been 
stimulated by them to fight more vigor- 
ously for their convictions. William 
Harvey reported on the circulation of the 
blood when he was past fifty, but there is 
evidence that he discovered this phenom- 
enon some years earlier and delayed pub- 
lication as a matter of precaution. His- 
tories of medicine reveal that such delay 
in making announcements of new medical 
discoveries has been frequent. There 
often were very good reasons for with- 
holding such announcements. For ex- 
ample, when Harvey finally published his 
discovery that the blood circulates in the 
human body his professional colleagues 
only jeered him and there was an im- 
mediate falling off in Harvey’s medical 
practice. Many of his patients refused 
to be treated any longer by one who gave 
such clear evidence of what seemed to be 
obvious insanity.** 

Because of the time-lag that must often 
have occurred between the date of a 
discovery and the date of its publication, 
it seems evident that, at the upper-age 
levels, the accompanying age-curves are 
too high rather than too low. As for the 
general shape of the curves, and particu- 
larly the age intervals at which the peaks 
are found, it is the belief of the present 
writer that these are as accurate a picture 

18 Ibid., p. 249. 
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of the relative productivity of the various 
age groups as can be obtained with the 
data that are at present available. 

In the first paragraph of this article a 
warning was uttered about the erroneous 
impression that is likely to ensue if one 
depends too much upon one’s impression- 
istic judgment. History provides some 
conspicuous instances in which impres- 
sionistic judgments have been mislead- 
That oft-misquoted remark which 
was made by Sir William Osler in 1905 
will doubtless be recalled by many who 
read this article. Before quoting Osler’s 
statement it will be desirable to review 
briefly the circumstances under which 
Dr. Osler had 
served as professor of clinical medicine 
at The Johns Hopkins University School 
of Medicine from 1889 to 1905. At the 
latter date he was appointed regius pro- 
fessor of medicine at Oxford University. 
At a banquet which was held in his honor 
Dr. Osler gave a farewell address. Be- 
cause sO many persons had expressed 
their dismay over his departure, Dr. 
Osler, with becoming modesty and in a 


ing. 


the statement was made. 


spirit of levity, assured those persons that 
his departure was inconsequential. In 
making this remark Osler, who at that 
time was 56 years of age, meant to imply 
that his most important work had already 
been done. In the farewell address which 
followed Osler stated in somewhat greater 
detail his thesis that the effective, vitaliz- 
ing, moving work of the world is likely to 
be done by men who are between the ages 
of 25 and 40. The following quotation 
is taken from a book by Lambert and 
Good win.*® 


One of Osler’s addresses brought him un 
merited notoriety. The occasion was his fare 
well address at Johns Hopkins. In it he said: 
*‘T have two fixed well known 
friends, harmless obsessions with which I some 
times bore them, but which have a direct bear 
ing on this important problem. The first is the 
comparative uselessness of men over forty years 

19S. W. Lambert and B. M. Goodwin, ‘‘ Medi- 
cal Leaders from Hippocrates to Osler,’’ p. 326 
f. Indianapolis: The Bobbs-Merrill Company, 
1929. Pp. 331. 


ideas to my 
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of age. This may seem shocking and 
aright, the world’s history bears out 
Take the sum of human acl 
action, in science, in art, in literatur: 
the work of the men above forty, and 
should miss great treasures, even pri 


ment, 


sures, we would practically be wher 
day. . My second fixed idea is t 
ness of men above sixty years of ag 
incalculable benefit it would be in 
political, and in professional life if, as 
of course, men stopped work at this ag 
then went on in a semi-humorous vein | 
to a novel of Anthony Trollope’s deser 
college which men entered at sixty for 
period of contemplation before thei: 
departure by chloroform. ‘‘ Whether Ar 
Trollope’s suggestion of a college and 
form should be carried out or not,’’ he s 
have become a little dubious, as my ow: 
getting so short.’’ Unfortunately, t! ' 
during a time of lull in actual news scent | 
sensation in his remarks and soon | 
appeared saying that ‘‘Dr. Osler Ré 
Chloroform for Men of Sixty.’’ This 
tated a wide-spread discussion often h 
even bitter by those of whom many |} 
read what he had actually said. A new 
to oslerize—was added to the languag 
eating the extinction of men of sixty. 
recognized that he was the victim of mis 
reportorial zeal, that explanations under 


cumstances were useless, and let the stor: 
itself out. 


The comments and the criticisms \ 
were elicited by the distorted for 
which Osler’s remarks received wo1 
wide attention would make a long | 
ography. Curiously enough, fate seems 
to have decreed that Osler will be ren 
bered longest for a remark which he 
not make 

In the foregoing quotation Dr. Os 
speaks of ‘‘the comparative useless 
of men over forty years of age’’ and 
**the uselessness of men above sixty y: 
of age. (The italics are mine.) A 
though the age-curves that accompan 
present article attain their peaks in 
thirties, analysis of the data fails to s 
port the thesis that men cease to n 
useful contributions at any spe 
chronological age level. On the contr 
these data suggest that it is possible ! 
individuals to think creatively and 
make invaluable contributions at p 


9? 
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TABLE I 





SUMMARY OF FINDINGS WITH REFERENCE TO THE CREATIVE YEARS IN MEDICINE 
Ave 
No. of No. of contri d . , ; Years of 
~ {5 Source of data contri- contri =" — Me in s ar lard = ximun 
usec . . » age age ae iation roduc 
butions butors oamtet- — 
butor 
Fig. 1 ©. DB. Mesrveg ...-.-. . 50 41 99 88 80 41.20 12.05 
Fig. 2 J. F. Fulton .... 59 D4 1.09 41.33 $3.50 19 ) 
Fic. 3 V. 8. Robinson ..... 52 40* 1.30 IT 33 010 . 
Fig. 4 E. B. Krumbhaar — 170 1.27 2.50 44.76 13.10 5-39 
ae ee en ocrescees 30 27 111 42.00 45 67 14.00 +4 
Fig. 6 F. H. Garrison ...... 89 70 1.27 26.38 22 85 1170 + 
ee ST Be ey MED cocncceces 188 159 1.18 39.50 41.82 1215 o 
Fig. 8 F. H. Garrison ..... 97 73 1.33 42.30 43.89 1045 9 
wae © EL Bie BOE ccccccess 147 102 1.44 43.79 16.61 13.80 +4 
Fig.10 Power and Thompson. . 73 44 1.65 4 70 837.02 11.2% ~ 
Wig. 1h fo. GC Feee ccc ccccces 85 50 1.70 42.75 44 50 11.30 9 
Fig.12 F. H. Garrison ..... . 801 537 1.49 41.18 $3.17 12.45 9 


* Data for some living contributors are included in this curve. 


tically every chronological age level be- 
yond early youth. De Réaumur, for 
example, was 69 years old when he 
earried out his memorable observations 
upon the digestive juices of his pet kite. 
And, of the 87 works that are included 
in his ‘‘Selected Readings in the History 
of Physiology,’’*® Fulton reports that 42 
of them were written when their authors 
were past forty. 

To cite such facts without surveying all 
the pertinent data may be misleading. 
What is to be found when such a survey 
is made? In Table I the sixth column 
sets forth the median chronological ages 
of the contributors whose works have been 
employed in constructing the 12 graphs 
that accompany this article. It will be 
noted that five of the twelve medians fall 
between ages 30 and 40, and that seven of 
them fall beyond age 40. The fact that 
the mid-point of the twelve medians lies 
at age 41.25 implies that, although the 
rate of output was greatest prior to age 
forty, only about half of the sum total 
of these brilliant medical contributions 
were made (or first published) prior to 
age forty. This situation will be readily 
understood if it is noted that the age- 
curves fall much more slowly than they 
rise. It seems obvious that, in medicine 
and its allied fields, creative thinking 
does not cease at age forty or even at 
age sixty. 

20 J. F. Fulton, op. cit. 


Let us examine Table II, which sets 
forth the average number of contribu 
tions per five-year interval. Forty-nine 
of the averages that are shown in Table 
II are based upon the works of individ 
uals who were less than forty years of 
age, but 87 of these averages are based 
upon the contributions of individuals 
who were past forty years of age at the 
time of announcing their discoveries. A 
total of 1,888 medical contributions was 
utilized in the preparation of Table II. 
Tabulation of the ages of those who were 
responsible for these 1,888 medical con 
tributions reveals that 906 of the contri 
butions (48 per cent.) were announced 
by individuals when they were less 
than forty years of age, whereas 982 of 
them (52 per cent.) were either made or 
first published by individuals who were 
past forty years of age. These figures 
again emphasize the fact that a distine 
tion needs to be made between rate of 
contributing and the sum total of output 
of very superior contributions. 

Table III, which is based upon data 
taken from Garrison,” brings out the 
individual differences in the chronologi- 
cal ages of the contributors even more 

21 This total was obtained by counting each 
contribution as many times as it was listed in 
the various chronologies. Some of the contribu 
tions were therefore counted more than one 
The difference that would have resulted at any 
one age level in Table IT had such duplication 
been avoided is probably slight. 

22 F. H. Garrison, op. cit 








460 THE SCIENTIFIC MONTHLY 


TABI 


4E II 


AVERAGE NUMBER OF CONTRIBUTIONS PER Five-YEAR INTERVAL* 


Chronological age interval 


15- 20—- 25- 30—- 35- 40—- 45— 
19 24 29 34 39 44 49 


50- 55- 60- 65- 70- 75- 80 285 
54 59 64 69 74 79 84 RE 


011 022 .023 .006 
029 028 .000 .026 .001 
006 .029 .009 .021 .002 
019 034 .021 .014 
024 (008 .026 .000 .029 .018 

005 .028 .009 .000 .009 .011 

011 .015 .014 .012 .000 .014 .000 .022 
.032 .032 .008 .010 .000 .000 
.032 .033 .017 .023 .012 .041 
.031 .006 .000 .024 

.030 .024 .032 .013 .000 .020 


.007 O11 .014 


017 056 


.030 .029 .018 .011 .011 .009 .009 .007 


TABLE III 


Fig. 1 005 .101 030 .040 .050 .025 .035 

Fig. 2 007 .019 .034 .050 .031 .016 

Fig. 3t 010 .030 .060 .065 .030 .021 

Fig. 4 .006 .024 .031 .055 .033 .026 

Fig. 5 022 .038 .046 .015 .032 

Fig. 6 .003 .022 .031 .044 .053 .036 .034 

Fig. 7 .009 .027 .036 .054 .033 .036 

Fig. 8 003 .016 .044 .052 .041 037 

Fig. 9 .009 .016 .033 .053 .038 .034 

Fig. 10 046 .054 .074 O47 .034 .040 

Fig. 11 028 .0382 .080 .056 .058 

Fig. 12 .001 .011 .026 .045 .056 .045 .042 
* The peak of each statistical distribution is italicized. 
+ This figure includes data for some living contributors. 

clearly. Thus, Table III reveals that 18 


per cent. of the 801 contributions listed 
by Garrison were either made or first 
announced by persons of ages 35 to 39, 
inclusive, that 4 per cent. of them were 
first published by persons of ages 60 to 
64, inclusive, that 10 per cent. of them 
were first published subsequent to age 60, 
and so forth. 

Letters that have been received from 
persons who read the first of this series of 
articles*® afford convincing evidence that, 
in spite of all that may be said by way of 
explanation, the accompanying age- 
curves will be misleading to some readers. 
For example, one individual who was 
permitted to see these age-curves prior to 
their publication remarked that in his 
opinion these curves rise and fall ‘‘much 
too rapidly.’’ Further conversation re- 
vealed that this individual was laboring 
under the misapprehnsion that these age- 
eurves are intended to picture the 
growth and the decline of individual abil- 
ity to do creative thinking. 

The present study does not pretend to 
measure any hypothetical ‘‘ability’’ to 
do creative work. This study deals only 
with behavior—the specific kinds of be- 
havior that have been cited. If behavior 
were due solely to ‘‘ability,’’ the inter- 
pretation of the data would be very much 
simplified. In order to picture individ- 
ual growth and decline in creative ability 
it would be necessary to measure creative 

23 H. C. Lehman, op. cit. 


(A) NUMBER OF MISCELLANEOUS ADVANCES IN Me 
CINE AND IN PUBLIC HYGIENE WHICH WERE Maps 
DurRING Eacu FIVE-YEAR INUERVAL OF 1T I 

Lives By 537 INDIVIDUALS ALL OF WHo™M 
ARE Now DECEASED, (B) PER CENT. OF THE 
ToTaAL OF 801 CONTRIBUTIONS WHICH 
Were Mave Dourinc EacH FIVE-YEAR 
INTERVAL, AND (C) PER CENT. THAT 
WERE MADE SUBSEQUENT TO THE 
BEGINNING OF EACH FIVE-YEAR 
INTERVAL DATA FROM 
F. H. GARRISON 


Per cent. made 


Age No. of Per cent. Sata @ 

group cont. of total — - dh 
Per cent. Age Per cent 
15-19 3 0.5 15 10 
20-24 29 4 20 99.5 
25-29 69 9 25 96 
30-34 121 15 30 87 
35-39 148 18 35 72 
40-44 116 14 40 5 
45-49 104 13 45 4 
50-54 70 9 50 2¢ 
55-59 63 8 55 18 
60-64 35 60 10 
65-69 17 2 65 7 
70-74 13 2 70 } 
75-79 7 1 7 2 
80-84 4 0.5 80 1 
85-89 1 eee 85 
90-94 1 90 
Total 801 100 





ability in the same individuals at succes 
sive chronological age levels and over a 
long period of time. Although the pres 
ent writer has not assembled such data, 
nor does he know how this could be done, 
it seems probable that individual age 
curves portraying creative ability, if suc! 
curves could be obtained, would reveal a 
much more gradual rise and a much more 
gradual decline than do the age-curves 
which are included in this article. 

It may well be that future generations 
will not take seriously many of the pres- 
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ent-day attempts to measure the ‘‘intelli- 
vence’’ of adults of widely varying ages. 
Can intelligence be disentangled from 
such other factors as: (1) motivation to 
learn; (2) pressure to utilize fully what 
has been learned; (3) the plasticity of 
the nervous system; (4) relatively fixed, 
ynalterable attitudes; (5) level of funce- 
tioning; (6) physical stamina; (7) en- 
vironmental opportunity; and the like? 
Is it possible to motivate the older indi- 
vidual to the same extent that the youth 
ean be motivated, if the oldster has at- 
tained many of his life goals, and if the 
youth has reached few of his goals? Is 
it valid to assume that in our rapidly 
changing civilization the older adult has 
had the same intellectual diet (oppor- 
tunity to learn) as has the younger 
adult? The present writer knows of no 
evidence which permits an affirmative 
answer to the foregoing queries. Nor 
does the present writer believe that it has 
been possible for psychologists to apply 
the law of the single variable when mak- 
ing their studies of ‘‘adult intelligence.’’ 

The fact that the age-curves apply 
only to group behavior is not the sole 
reason why they fall so rapidly. It seems 
that a second factor which causes the 
rapid early decrement is the very super- 
ior quality of the performance. In pre- 
vious articles** data were published which 
suggest that the shape of an age-curve 
varies both with the type of function that 
is measured and also with the excellence 
of the performance. Thus, very superior 
books are likely to be written during a 
somewhat narrower age range than are 
books of lesser merit. The foregoing situ- 
ation seems to hold also for a number of 
other behaviors—for musical composi- 
tion, for athletic performance and for 
several kinds of scientific endeavor.*® 
For the above types of behavior, the more 
noteworthy the performance, the more 
rapidly does the resultant age-curve de- 

24 Ibid. 

25 Data which support the above statement 


with reference to scientific endeavor are not yet 
ready for publication. 
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seend after attaining its peak. It there- 
fore seems safe to conclude that quality 
of performance is one reason why the 
accompanying age-curves fall so rapidly. 

Just why brilliant attainment in these 
diverse fields of endeavor should cease at 
earlier age levels than does more medi- 
oecre performance the present writer does 
not know. It is easy to speculate with 
reference to the cause-and-effect relation- 
ship; it is much more difficult to vali- 
date one’s speculations. The rapid de- 
scent of the age-curves that are presented 
herein might conceivably be due either 
to: (1) the inevitable organic changes 
that take place within the individual 
(the reverse of maturation), (2) environ- 
mental factors or (3) a combination of 
organic and environmental factors. It is 
also quite possible that no general rule 
is applicable, 1.e., some individuals may 
exhibit an early decrement in the 
quality of their performance because of 
organic changes; others may exhibit a 
similar decrement because of environ- 
mental factors or because of a particular 
combination of organic and environ- 
mental factors. If the early decrement 
in brilliant performance is due to biolog- 
ical factors, it may not be possible to do 
anything to preclude or even to reduce in 
amount this early decline. If, however, 
environmental factors are responsible for 
the early descent of the age-curves, then 


it is quite conceivable that the causative 


factors may some day be subject to a 
measure of control. 

In a study such as this one it obviously 
would be very difficult and time-consum- 
ing to identify the causative (concomi- 
tant) factors; in such complex behavior 
the relationship between cause and effect 
is likely to be obscure. However, the 
problem is not hopelessly difficult. Be- 
eause the promotion of creative thinking 
is so tremendously important to human 
welfare, the causative factors should be 
ascertained if it is at all possible to do so. 
Certainly, this problem is one that merits 
serious study. 
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By Dr. BARB 


CARNEGIE INSTITUT 


Ir seems to be easier for us to accept 
true a 
meteorite or a club foot, than something 
we can infer only from indirect data, 
like the span of years elapsing since the 
Stone Age, or differences in the educabil- 
Yet we should not 


as something we ean see, like 


ity of human beings. 


forget in this connection the story in 
which our professor of logic used to de- 
light, about the fisherman who came 


home with a large black bass and a tall 
fish story, ‘‘with the fish to prove it!’’ 

When it comes to the problem to be 
discussed in the present paper, there is 
an important obstacle to clear thinking 
which often hampers even the sophisti- 
eates who can accept without resistance 
such unseen truths as relativity mechan- 
ics. Not only some observers and inter- 
preters of but research 
workers themselves, have shown a liabil- 
ity to emotional blocking on questions 
which the mental endowment 
and plasticity of man. Supposedly this 
is beeause the results of studies in this 
field impinge upon one’s life philosophy 
and attitudes toward his fellows, and 
thus one comes to care very deeply about 
the outcomes. 

The difficulties and controversies which 
ensue are understandable, but they mean 
that the person who would consider the 
many sources of evidence objectively 
must use more than ordinary caution. 
If he is willing to consider only the evi- 
dence—apart from the conflicting claims 
that are frequently made—he will find 
a surprising amount of consistency in 
the facts now at his disposal. 

We may start with a discussion of 
intelligence, since this is the aspect of 
mental life on which the most definitive 
research has been conducted up to now. 
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Like so many questions having 
interest to-day, the inheritance 
ligence 
Greeks, and in Plato’s ‘‘ Repub! 
may find modern ideas couched i 
eal allegorical form regarding 
logical basis of talent: 


was also considered | 


Although your children will genera 
their parents, yet sometimes 


or 
- 


a 

will produce a silver child, and a 
golden child, and 
any. ... There is an oracle that 

the city shall then perish if it is 
iron or copper. 
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FamiIty RESEMBLANCE STUDIES 


It was not until Francis Galton, 
his ‘‘Hereditary Genius’’ published 
1869, introduced a method for apprais 
kin resemblance through the number 
highly superior persons who clustered 
family lines, that ‘‘nature-nurture’’ 
vestigations began to come from n 
science, although the great religions a: 
political states had been built around t 
idea of men endowed to lead. Galt 
study, which showed that men of 
were many times more likely to ha 
genuises among their close relatives t 
were men at random, stimulated a leg 
of followers who compiled studies on t 
defective end (e.g., the Jukes and Ka 
kaks) as well as the upper end of abi 
As quantitative trait-rating devices, a! 
more recently, standardized intelligen 
tests have come into use, correlation « 
efficients have replaced mere counts 
the incidence of high and low ability 
relatives of specified degree. The c! 
comparability of correlations betw 
parents and offspring, or bet 
brothers and sisters, on mental trait 
and on physical traits such as statu! 
caused the great biometrician Kar! Pea 
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eon to conclude that ‘‘mental characters 
are inherited in precisely the same way 
as the physical.’’ It has been often 
enough pointed out since Pearson’s hey- 
iav, however, that environment might 
simulate heredity in producing family 
resemblance and that additional data 

» required to disentangle nature and 

wurture when the biological quality of 
families is correlated with the environ- 
ment selected by and even created by the 
families. 

StupiEs or Twins 

The study of twins appeared to many 
investigators to be a way out of the 
impasse encountered in ordinary family 
resemblance studies. As is now widely 
known by laymen and biologists alike, 
there are two kinds of twins, one kind 
derived from a single fertilized ovum, 
and thus ‘‘identical’’ in heredity, and 
the other kind derived from two fertil- 
ized ova, and thus like ordinary brothers 
and sisters in degree of hereditary 
“overlapping.’’ If one-egg twins re- 
semble one another distinctly more than 
two-egg twins do on physical and mental 
traits, this is taken as presumptive evi- 
dence that heredity is at work. Many 
studies of twins are now available, and 
these have dealt not only with intelli- 
gence, but with school attainment, phy- 
sique, susceptibility to disease, interests, 
attitudes and personality adjustments. 
We do not wish to encroach upon the 
field diseussed by Rife in his paper on 
twins in this series of articles, but will 
take space to comment on a few points 
relevant to our immediate problem. 

In the first place one-egg twins really 
have a somewhat more similar environ- 
ment than do two-egg twins, even if 
reared in their own homes by their own 
parents. It is shown clearly, for ex- 
ample, in a California study by Wilson, 
that ‘‘identical’’ twins are treated more 
similarly by their relatives and friends, 
and are more similar in habits of eating, 


sleeping and recreation. While such 
, 





factors would presumably not affect 
traits like eye color and finger-print pat 
terns and other physical traits whicl 
because of their stability in the indi 
vidual, are actually used as criteria for 
judging whether twins are of one-egg or 
two-egg origin, they might account at 
least in part for the greater similarity 
of one-egg twins in mental development 

There is another approach to the study 
of twins, on the other hand, which par 
takes more of the nature of experiment, 
results of social 
This is the 


study of one-egg twins who have been 


or at least utilizes the 
experiments already made 


separated in infancy and brought up 
different environments. To the extent 
that twin-pair resemblance shows up 
even when environment has had no 
chance to contribute to it, we can sa) 
that heredity is demonstrated. But 
when the separated twin-pairs show dif 
ferences, and particularly when these 
correspond to identifiable differences in 
childhood environment, we have a way 
of appraising non-hereditary contribu 
tions. Newman and his colleagues at 
the University of Chicago have studied 
twenty separated pairs, and other inves 
tigators, including the writer, have 
studied several additional pairs. The 
intra-pair mental development of the 
twins tended to be very similar when 
differences in their educational oppor 
tunities were not too large. This carries 
the implication that mental differences 
found among people living in similar 
communities and having fairly similar 
schooling are largely native differences 
There were several pairs of twins, how 
ever, whose schooling was extremely dis- 
similar, and these twins scored far apart 
on intelligence tests. For example, one 
young woman had had a college educa- 
tion and had taught school, while her 
twin had had only two years of grade 
school education. The difference in their 
IQ’s was 24 points in favor of the college 
twin, and the differences in their social 
abilities were fully as striking. 
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STUDIEs of Foster CHILDREN 

Probably studies of identical twins 
reared apart are the most effective of any 
that have or could be undertaken for 
unravelling the nature-nurture problem. 
Such pairs have been located so rarely, 
however, that other kinds of crucial data 
have necessarily been sought. Children 
placed in foster homes during infancy, 
even when they are not twins, have pro- 
vided some important evidence, since 
they have the virtue for research pur- 
poses of living in environments that are 
usually quite different from what their 
own parents could have provided. We 
may briefly summarize the chief findings 
of the main studies of this type: 

Theis’s 1924 study was the first large 
follow-up ever made. She found that 
children placed in foster homes when 
under five turned out to be more capable 
adults (on the average) than those 
placed when over five. It is possible, 
however, that children who become de- 
pendent at later ages come from less 
promising family stock than those who 
become dependent in infancy. (Later 
foster child studies would support this 
possibility. ) 

The most interesting finding was a 
relationship close to zero between home 
ratings on cultural and material status 
with ‘‘capability’’ of the foster children 
as adults, but accompanied by a distinct 
positive relationship between ‘‘kind of 
eare’’ received and ‘‘capability,’’ from 
which the inference followed: ‘‘Un- 
doubtedly the child’s adjustment to his 
foster family governs to a significant 
degree his adjustment to society, and 
his adjustment to his foster family has 
less to do with their standards of com- 
fort and their place in the community 
than with their human qualities and 
their understanding.’’ Still further 
comparisons showed a positive relation- 
ship between ‘‘capability’’ and true fam- 
ily background. As Folks points out in 
the introduction, however: ‘‘ We can not 


‘ 


disentangle the factor of inherit 
from that of early life with the chi 
parents and the environment proy 
by them.’’ 

Burks (1928) compared the ment 
semblance between 200 foster ¢!} 
(placed when under a year of age 
their foster parents with that bet 
100 ‘‘own’’ children and ‘‘own’’ parents 
of similar socio-economic and int 
tual range. The resemblance in 
foster families was very slight as cor 
pared with that in the ‘‘own’’ families 
*“‘Own”’ children averaged 8 points 
higher than foster children. From 
sults on a composite rating of ho 
environment, it was concluded that mea 
surable factors of home environment 
(under fairly homogeneous community 
and educational conditions) contributed 
about 17 per cent. to the variance 
children’s IQ’s. Wright (1931) later re 
worked the data and concluded that th 
total role of environmental (non-genet 
influences in this group could be placed 
with fair probability between 10 and 50 
per cent. 

Freeman, Holzinger and Mitche 
(1928) tested foster children and foster 
parents, foster siblings (1.e., foster 
brothers and sisters), and true siblings 
growing up in separate homes. The cor 
relation of foster parents and children 
was somewhat higher than that found i: 
the previous study, but ‘‘selective plac 
ment’’ was not ruled out by the method 
used for acquiring cases. Foster sibling 
groups showed IQ correlations of .34 1 
40, which may have been due partly t 
environment and partly to selective 
placement. True siblings of white race 
in separate homes correlated .44 after 
allowance was made for poor test stand- 
ardization in certain age ranges. This 
value, in turn, may have been due partly 
to heredity and partly to selective place- 
ment. Children who were old enough to 
test before placement gained about 7 
points on the average after several years 
of residence in good foster homes. 
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Leahy (1935) undertook an investiga- 
tion for the purpose of resolving the 
disparities between the two preceding 
studies, and went to unusual pains to 
obtain a group of foster subjects placed 
when very young and unselectively. 
Her correlation figures check closely 
with those of Burks. 

The results of the Leahy and Burks 
studies were recently re-examined by 
Burks (1938) in cooperation with Sewall 
Wright in order to evaluate the contribu- 
tions of nature and nurture to average 
group differences in intelligence. This 
problem is essentially different (though 
not wholly unrelated) from that of ascer- 
taining the factors contributing to the 
distribution of individual scores. Al- 
though hierarchial differences are ordi- 
narily small as compared to individual 
differences within ‘‘census groups’’ of 
occupations or other variables, they are 
by no means negligible (e.g., 1Q’s often 
average as high as 115 or 120 for children 
of professional parents, and appreciably 
below 100 for children of unskilled labor- 
ers). 

Taking the parental occupational hier- 
archy found in the IQ’s of foster and 
control children of the two studies, it was 
possible to estimate through Wright’s 
path coefficient method that the differ- 
ences in occupational group averages of 
the ‘‘own’’ children could be attributed 
about 4 to 4 to environment, % to ? to 
heredity. 

Skodak (1939) recently published a 
study on foster children of preschool 
age (continuing studies undertaken 
by Skeels at the University of Iowa). 
Widely heralded conclusions arose from 
average IQ’s of 116 reported for 2-year- 
old foster children in this group, the 
experimenters remaining seemingly un- 
aware of the faulty standardization and 
inflated norms of the Kuhlmann-Binet 
test in the early years. When the data 
are reworked it is found that year by 
year (age 14 to6) the IQ’s average about 


6 or 7 points above corrected norms—re 
sults which were also found in the pre 
vious foster child studies (for subjects 
of comparable selection), and which can 
probably be attributed to good environ- 
ment, although they are not nearly so 
sensational as the lowa claims. As in 
the Freeman study, a group of children 
old enough to test before placement 
gained (5.7 after one year and 9.8 points 
after two years) following foster home 
residence. 

Much was made in the study of the 
failure of ‘‘true family background”’ to 
give a prediction of the IQ’s of the 
youngest (two-year-old) children of the 
group, but no emphasis was given to the 
fact that foster home status likewise 
failed to correlate with the IQ’s of the 
children in the youngest ranges. Despite 
the fact that IQ correlations increased 
with age both for true parent and foster 
parent variables, and by the age of six 
gave a higher value with education of 
true parents (with whom the children 
had never lived) than with education of 
foster parents, the author offered in her 
main conclusions these non-sequiturs: 
‘*Placing the child in a good foster home 
at the youngest possible age makes for 
development equal to own children in 
similar homes’’; ‘‘the relationship be- 
tween true-family background and the 
child’s mental development is approxi- 
mately zero’’; ‘‘the use of true-family 
histories as a basis for the placement of 
the child has little or no justification.’’ 

Lawrence’s 1931 study of children 
separated from their homes in infancy 
and tested after some years of institu- 
tional life showed an IQ hierarchy fol- 
lowing the occupational status of the true 
father, although the differences were less 
marked (about 6 points from highest to 
lowest occupational groups) than with 
children reared in their own homes. It 
is not known to what extent the institu- 
tional environment, and to what extent 
atypical representation from the various 
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occupational groups of children becom- _ school’’ training, to mental deve! 
ing institutional wards, accounts for the It is clear that such studies, un): 
reduction in hierarchical differences. ried out under rigorous experi) 
To the extent that differences did re- control, offer loopholes for gre: 
main, heredity was probably responsible. biguity, due to the fact that parents 
send their children to nursery s 
STUDIES or CHANGES UNDER PARTICULAR and to private or university-spons 
ENVIRONMENTAL INFLUENCES progressive schools are not a rai 
In addition to the studies which have selection of parents, nor are the 
attempted to separate the contributions dren a random cross section of chi 
of nature and nurture to individual dif- Although large claims have been 
ferences, or to differences between for the effect of certain types of s 
groups of children (or adults), there are ing upon the IQ, it is usually far 
a number of studies which approach the certain that the effects are really thos 
problem of environment through the ob- education. Even when groups of | 
servation of changes in mental status children are ‘‘matched’’ for IQ 
under specified conditions. beginning of their nursery sx 
Improvement in IQ (averaging 5to10 careers, and are later (at college 
points) of foster children placed in good found to have disparities that corres 
foster homes from poor ‘‘own’’ homes to differences in their educational 
was mentioned in several of the studies periences, the evidence is not clear 
just summarized. There are other because 1Q’s obtained during th« 
studies which consider the problem by school years do not give a dependal 
making age comparisons of children prediction of developmental potentia 


growing up under deprived environmen- Thus the later disparities may be 


tal conditions. One of the first of these wholly or in part to ‘‘selection’’ of 
was Gordon’s investigation (1923) of dren with higher or lower potentialit 
English canal boat children. With In general it can be said that the bett 
almost a total lack of schooling, and with the experimental control in such invest 
little intellectual stimulation in their gations, the less is the apparent eff 
houseboat homes, the IQ’s of these chil- educational variables. 

dren showed steady decrease from year 
to year, so that the average of the twelve- 
year-olds was nearly 30 points less than Though differences in the averag 
that of the six-year-olds. In this study tal test scores of persons of var 
the meagerness of the environment was  natio-racial origins are quite regu 
extreme; other studies have not found as_ found, these are accompanied by so 1 
large a disparity between the older and differences in environmental trai 
younger subjects of deprived groups, and opportunities, and the overlap; 
although it has not been unusual to find among the groups is so large, that 
decreases of 10 to 20 IQ points inacom-_ thropologists have quite rightly po 
parable age range among children living out the hazards of drawing conclus 
in isolated mountain regions, in mill regarding innate racial  differe 
towns of sub-standard cultural oppor- merely from mental test surveys 
the United States certain so-called *’ 


RacraL DIFFERENCES 


tunities, ete. 

Several studies have been undertaken, sus groups,’’ in particular the Neg! 
particularly at the University of Iowa, and some South European groups, es] 
for appraising the contribution of nur-_ cially Italians, have showed a hand 
sery school training, and of ‘‘progressive ping in mental tests as compared 
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North European and Jewish groups. 
We have very little data, however, by 
which to interpret the sources of the 
differences, although there are certain 
facts that are not incompatible with an 
explanation on partly biological grounds. 
We have, for example, a series of studies 
on the distribution of a variety of simple 
venetic traits, not associated with racial 
lifferentiae per se, in natio-ethnic 


eroups occupying different geographical 


regions. In all such studies (which 
have dealt with the blood groups, with 
‘‘taste-blindness’’ for certain chemicals, 
with the presence or absence of hair over 
the middle segment of the fingers, etc.) 
it has been demonstrated that the inci- 
dence rate of traits whose effects are 
little modified by environment does tend 
to vary in groups characterized by dif- 
ferent racial ancestry. If this is so with 
genes for physique, then why not with 
genes for intellect as well? 

Such an argument is of course sugges- 
tive and not at all conclusive. Of crucial 
evidence for innate racial differences in 
intellect we have virtually none. On the 
contrary, we have a series of studies by 
Klineberg and his associates who took 
as subjects ten-year-old Negro children 
who had lived for varying periods of 
time in New York City. Recent mi- 
grants from the South averaged lowest, 
and those who were born in New York 
or had lived there over five years, aver- 
aged highest. For example, in one of 
the studies the former averaged 81 IQ 
and the latter, 87 1Q. The difference 
is referred to the better school advan- 
tages available to Negroes in the North, 
although even so, an unexplained dis- 
parity remains between the Negroes and 
Whites. Whether that is due mainly to 
nature or to nurture is a speculative 
question that can not be answered by 
data now available. 


Non-INTELLECTUAL MENTAL TRAITS 
We have seen considerable evidence 
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that heredity lays down the limits within 
which intelligence can develop, but that 
environmental effects of 5 to 10 IQ 
points occur under certain conditions, 
and that effects of 20 points or even more 
occur under extreme conditions 

Can any similar conclusions be drawn 
for traits or behavior representing the 
emotional and volitional aspects of men 
tal life? For 
leadership, for anti-social tendencies, for 


interests, for traits of 


self-control or for proneness to mental 
breakdown ? 
Research in these 
have advanced little beyond the place 
that research on intelligence had reached 


domains seems to 


two decades ago. There are studies of 
marked personality deviations in 
ships, including Such 
show in leadership, nomadism, criminal 
the 


same tendency for clustering in family 


kin 
twins. studies 


ity, psychosis, epilepsy, ete., much 
lines that is found for feeble-mindedness 
and high ability, and also higher resem 
blance among one-egg twins than among 
two-egg twins. But the 
from foster 
twins reared apart is available so far in 
only meager quantity. This is partly be- 
cause extreme deviations like criminality 


clinching evi- 


dence children and from 


and psychosis happen too rarely to have 
occurred with 
groups of foster children and separated 


much freqneney in the 
twins that have been studied up to now 
Though it might seem that less extreme 
characteristics of personality could be 
studied with profit, we have few measur- 
ing instruments at all comparable in 
validity with intelligence tests in the 
field of personality, and consequentl) 
most of the personality data on foster 
children and twins reared apart 

from diagnoses of actual pathology, and 
rather 


aside 


some scores on unreliable tests, 
are stated in unsystematized terms that 
are difficult to evaluate. Nevertheless, 
some of the data, especially on the sepa- 


rated twins, have extreme interest 
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Rosanoff has reported on a pair of 
twin girls separated in infancy and un- 
aware of one another’s existence who 
both developed epilepsy and promiscuous 
sex behavior. They were recognized as 
identical twins in the state institution to 
which they were both committed through 
their nearly identical appearance and 
behavior. 

Burks has studied a pair of twin girls 
separated nearly at birth who developed 
very similar behavior problems in child- 
hood, e.g., nail-biting, enuresis, hyper- 
irritability. One twin, however, re- 
ceived a more indulgent upbringing, and 
was ‘‘favored child’’ above a foster sib- 
ling reared in the same home, while the 
other twin was reared under more exact- 
ing and less affectionate home conditions. 
The more favored twin has been happier 
and more successful in school, social and 
occupational adjustments. 

The Newman, Freeman and Holzinger 
studies of twins reared apart, as well as 
containing considerable data on parallel 
traits of personality, include some strik- 


ing observations on personality 
ences that were related to differe) 
childhood experiences. There was 
example, the boys of a pair reared 
city and country respectively, th: 
twin impressing the research st 
being ‘‘more dignified, more res 





¥ 


“ 


more self-contained, more unafre 


more experienced, and less frie: 
In another pair of boys, the patter 


their foster families, in one ease res; 


and in the other case disrespect 
the law, were taken over in a way 
markedly affected the trends of 
lives. 


It is clear that one of the most ure 


needs in the field is for more stud 


separated twins and foster children : 


ing use of the best methods now avai 
for appraising hereditary backer 
and environment as well as person 
development. Such studies promis: 
rewards not only for science, but 
man himself in his efforts to co 
terms with the requirements of his s 
milieu. 
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BOOKS ON SCIENCE FOR LAYMEN 


MYSTERIES OF THE MIND 
of the very provocative writers 
svchoanalysis is the distinguished 
Swiss physician, Carl G. Jung, the au 
the present volume. A charn 
‘rson, a profound scholar of wide 
tion and a true philosopher, he has 
ted a great influence on the thinking 

any persons 

Starting as a fellow worker wit! 
id, he broke with him and set up 


hat mas be referred to as a schismati 


school of thought, characterized espe 


s 


‘ 


ally by its stress upon what Jung terms 
‘collective unconscious.”’ To Jung 
ere are depths of the LLNCOLSCLOLUS 
hich he deeper than early and ‘*for 
tten’’ experiences, which represent, SO 
speak, the inheritance from untold 
nerations and which are common to al 
thin a given culture. ‘‘ The collective 
onscious, So far as we know, is selt 
entical in ali Western men and thus 
mstitutes a ps) chic foundation, supe 
ersonal in its nature, that is present 
erv one oT us = 
The present volume deals, in rather 
hilosophical style, with imdividuation 
d the development of the personal t\ 
this process ** let consciousness defend 
ts reason and its self-protective ways. 
d let the chaotie life of the uncon 
ious be given a fair chance to have its 
yn way, as much of it as we can stand 
In developing his theme, Jung dis 
ISSES ** Archetypes of the Collective 
neonscious,’’ ** Dream Svmbols ot the 
‘rocess of Individuation’’ (a discussion 
a series of dreams of one patient con 
erning whose history or surroundings 


data are given!) and ‘*The Idea oft 


Kedemption in Alchemy.’’ There is a 


{ 


ealth of references to Sanskrit art, 
optic and medieval monastic writers, 


The Integration of the Personality. Carl G. 


jung, M.D. Translated by Stanley M. Dell. 


13 pp. $3.00. 1939. Farrar and Rinehart. 
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Chapter 6 ‘he De 
sonalitv.’” becomes a bit 
Jung here makes a plea 
ment oF adult perse S 
that child-rear “ hac 
red out it the pers ties 
educators are wa () 
to education suffers » one-s 
phasis upon the cl ho 
brought up, and fro q 
sided lack of emphasis upon the 
upbringing of the adult edueat 

A personality he defines as 
iltely shaped psvel abunadal 
able of resistance. a) endowed 
erev.”’ This, he warns us, is 
ideal, not proper! to bn ost 
‘hildren Perso) ait that < 
adult, is not manifests vit] 
hiteness, huliness mat 
285 such aims do ot fit tl 
Some parents nm tf) ! t 
best’? for their children, suc 
overdomg what has bee OS 

themselves ' 

Later mk The Sale hapte! | 
votes some Space to another 
**nersonalitv.’” that is, the } 
personality,’’ or wi Carlvl 
fer to as the ‘“‘hero.’’ Som 
sons, Jung savs, lea has 
selves fron onvel reo) 
lective fears, cor tions. laws at 
ods’? of the mass of mat nal 


This ability he attributes te 


an irrational factor that 


a mah tO emanbheipate hin 


herd and its trodden paths’’ 


The volume is an interesting 


tion of a great thinker, a thinker 


well-stocked mind but w 


tible urge To sper nt 
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reading it, he is likely to agree with Jung 
that, called 


vreat and mysterious question 


personality Is a 
All that 


can be said about it is curiously unsatis 


‘*‘what Is 


factory and inadequate, and there is 


always the threatening danger that the 


discussion will lose itself in mere talk 
that is as redundant as it 1s hollow 
WINFRED OVERHOLSER, M.D 


EARLY AMERICANS 


Ir has been said that, while urban eiv 


ilized man may or may not have horse 
sense, primitive preliterate man must 
have iT Penobscot Man Is a record, by 


worker among 


field 


American 


the foremost living 


our northeastern Indians, ot 


the manner in which the Penobscot of 
the Maine woods used their wits to make 
their living and to survive and thrive as 
a group. Oddly with all 


three or four centuries of white contact 


enough, our 


with the northeastern Indians, this is 


our first modern technical monograph on 


any one group of these forest hunters 


It covers all phases of eulture—from 


food to art to society and the life evcle 


except religion and folklore. 
The data were gathered by Speck 
chiefly in 1907-14, living and camping 


with the older men of the tribe Later 
visits in 1914-1918 and 1936 helped to 
fill out 

The attempt is not to reconstruct the 


the record 


prehistoric past of the Penobseot. but to 
present a picture ol them as they were 
when native ways 


in the historic era 


and institutions were midway in transi 
tion to European forms under French 
A 12-page 
but 


and, later, English influence 


postscript gives an impressicnistie 
illuminating sketch of life to-day among 
the Penobscot The old era is gone, but 
not all; beneath the Europeanized sur 
face still lurks no little of the pride of 
flair for the 
History of a 
Illus 


University 


ancestry, the 
1 Penobscot Van Th ] 

Forest Tribe in Maine. Frank G. Speck. 

trated. xx +325 pp. 1940. 


of Pennsylvania Press, 


tongue and 


$4.00, 
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hunt, the lure of the rippling 
the longing for the deep forest 
very human people whom Sp: 


their 


to us, with loves and the 


tions and their quiet—and ofte: 
humor. One thumb-nail skete] 
old Louis Nicholas, IS 


surpassing pathos, a symbol of 


untforvett 


of a whole culture 
All Ih all, Penobscot 
addition to the 


Man is a 
long list of s 
papers and monographs Speck | 
us. It is thoroughly scientific a 
readable. It is erat 

The re 

no doubt it will take its place a 
Americar 


oughly 
new significant data 
permanent classics of 
ethnology. 

JOHN M. ( 


TOTAL WAR UNDER THE 
MICROSCOPE 


addition to 


Experimental b 


THE most recent 
cellent 


Monographs of the Maemillan Co 


series ol 


is a scholarly and original conti 
by Valy Menkin on the 
inflammation. Both the author 


editors of these monographs are 


mechanis 


ing of hearty congratulations 
illustrations ar 
Menkin briefl 


reviews earlier theories 


printing and 
of the 


Cl itically 


work. Dr 


mechanisms and dynamies of infla 
tion before amplifying his own s 


cant factual and theoretical cont 


tions of the last few vears. Ther 


rare lack of bias in his evaluat 


work not in complete aecord w 
own observations. 

The book is highly recommmence 
those versed in the science of m« 
and the related 


rather too technical 


disciplines, but 
for the avera: 
re ader. 
The 
1 Dynamics of Inflammation. in Ing 
the Mechanisms of Infectious Proce 


Menkin,. Illustrated, xii 
Maemillan Company. 


author develops an im 

















BOOKS ON SCIENCE 


the 


concept of dvnamies of in 
ition In which the role of chem) 
ediators, such as leukotaxine, is 


ssed 
rogressive changes arising in the 
yment of inflammation ' 
se. not the final word, but it 
feasible 


thesis and should serve to further 


This theory ot pathogenesis ot 
IS, ol 
repre 
s an extremely working 
ate the facts and ideas concerning 
To the suf 
iv individual whose sore finger is the 
ot 
s, inflammation 


ar reaction to injury 


tleground Invading microorgan 
redness, 


Dr 


kin has sought to reveal the intricate 


will mean 


ng, heat, pain and tenderness. 
chinery, chemical and 


ved 


ers - 


organic, 

the 

total war under the microscope 
EDWARD -]. STIEGLITZ 


in tissue defense against in 


MODERN SCIENCE FOR THE 
AMATEUR 

A. FREDERICK COLLINS is called by his 

**the hobbyist”’ be 


suse he has written hundreds of articles 


blishers master 


nd seores of popular books. most of 
hem addressed to amateurs and in 
tended to make attractive the actual 


SI 


} 


work 


on things to do. 


of and 


wh fields as photography, 


construction operation 1m 
vardening, 
wireless, 
He 
this 


ouragement of the amateur and in this 


viation, magic, microscopy, 


otors and stamp collecting. has 


one a tremendous service in en 


phasis on the experimental point of 
ew. 


ith 


For not only does science begin 


such clirect experience, but prob 


ably any valid culture for the mass pub 


e must be based on the use of the hands, 
All else follows. 


Illus 
1940. 


on Parade. _ KF’. ( 
+314 pp. $3 November, 
Appleton-Century Company. 


Seve nee 
trated. 


Lins, 


xi 00, 





, FOR LAYMEN 7. 
It is therefore interesting to ha 
him now this book which st mamtaiis 
primary interest in construction and 


operation but describes 1 t 

in industry based on progress in scie) 
These include the Atlant supel 
pers, synthetic materials, artificia 
ning, the sterilamp, fluorescent lightin 
the electronic piano, color photograp! 
redio faesimile, svnthet speec! 
television All these have | 
publicity and are, of course, adeq 
described in the technical journals, | 


Mr 


clear exposition are the 


{ ollins’s excetient aiageranis 


how 


mation to amateurs on 


Mr 


is best nm elect 


Collins is at h 
hence 


in deseribinge television and 

simile. He is not so specific in the cher 
lal chapters such as svnthet rrigite 
and photography or he assumes les 
knowledge on the part « his rea . 
It is, of course, not so easv to be 
operating amateur mn these chem 
matters Here too he encounters t! 
difficulty of using trade names for tl 
various products and can not be fa 
all manufacturers 

Any reviewer must also plead rb 
ter titlhng. The topics discussed do not 


begin to make a parade of recent 
science Neither can the ise of Ti iif 
violet lamp in sanitation justify th 


chapter title, ‘* Health on Parade.’’ The 
fact that the book is 
tative and precise makes it 
vrettable that the title and chapter hea 


otherwise author 


The more rr 


Ings are Vague and vranadiose 

This is the kind of book that the ama 
teur needs as an outgrowth of his ow 
more restricted handiwork It Is esp 
cially a book that can be recom hale 


for sehool libraries 
(JERALD WENDT 





FREDERICK GRANT BANTING 











February 21st there perished in 


Eastern 


\ 


wilds of 


Newfoundland, as 


result of injuries sustained in the 
sh of a plane England bound, Major 
Sir Frederick Grant Banting Thus 


ere came to a tragic end the romantic 

e of a lovable character and a truly 
ereat man. I was perhaps the last of his 
ose friends to see him alive, as we had 
spent several happy hours together just 
prior to his departure on his Important 
var-time mission 
born in Alliston, On 
tario, Canada, November 14, 1891, 
son of William Thompson Banting and 
Margaret He 
educated at the Alliston public and high 
schools and at the University of Toronto 
He joined the Canadian Army Medical 
Corps as a private in 1915, and served 
England 


He was wounded at Cam 


Banting was 


the 
Banting. 


(Grant Was 


Canada, and France from 
1915 to 1919. 
brai in 1918 and was awarded the Mili 
tary Cross. After the war he was resi 
dent surgeon in the Sick Children’s Hos- 


He prac 


ticed medicine in London, Ontario, and 


ital of Toronto for one vear 


held a part-time assistantship in the De 
partment of the Uni 
versity of Western Ontario until May, 
1921. On May 16 of that vear he be- 
gan work the problem of the in- 
ternal secretion of the pancreas in the 
Department of Physiology of the Univer- 


Physiology in 


sity of Toronto, under the direction of 
R. Macleod. Thereafter, 
he was lecturer in pharmacology there 
from 1921 to 1922, 
in medicine from 1922 to 1923, and pro- 
of medical from 1923 
intil his death. He was honorary con- 
sulting physician to the Toronto General 
Hospital, the Hospital for Sick Children 
and the Toronto Western Hospital. 

He received a degree of doctor of laws 


Professor J. J. 


senior demonstrator 


essor research 
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FREDERICK GRANT BANTING, DISCOVERER OF INSULIN 


Tipu 
hy 


from Queen’s University iy 
F 


the 


Yi 


) SC le TICE 
Toronto in 1923 


1924. MeGi 


posthumousl 


doctorates onl 
ot 


versity 


Prom 
| 
Prom 
Mare} 
Roval 


SIT\ 
Ih 
1939 and, 
f Montrea 


fellow 


} 
i 


ust 


versity 
elected 
1935 
In June, 
knighthood 
the Civil 
British 


; 
i. The 


WV 


Wis 1 


1934 


Banting 


Knight Commande 


as 


Division 
Empire 
the Nobe 
the Par 


voted him a life annuit) 


awarded 


same Vear ament 


hel 


Bantine Was a most unselfisl 


He 
others and 
to 


lal Was alwavs mindtul of nn? 


it was almost religion wit! 


; 


? 
al 


HSSIS 


and 
He 


waents 


him stimu e 


encourave 


research workers lid 


that 
hehtly take up research 


voung 


believe voung st shoul 


work, but 


when they had an impell 


so. Banting’s philosophy in 
this was perhaps never expressed better 
than the 


of his Cameron Prize 


losing 
Le 


by him in paragraphs 


ture to the st 


dents of Edinbureh | " 


stion m 


WI 


unk 


The 
pl 
research 


the 


ut 


on esent mat 


8 


upon 


vourself ‘why’ 


made and think 


thoughtf 
z ! 


through vour 


+ 


while idea, will 


conviction will 
seek the rehef 
You can prepare 


the 


comp 


f 
oO 


vourse 


Ings of mast 


great 
great musicians, the s 
the 


poi les 


paigns gre 


bloom from barren rock 
but a preliminary step 
life work Mackenzi 


before he ote his bo 


As Osler sa 


\ mt 


I K 


is required. 


compartment doing « d 
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you are i tr s aden ) S 
satisfied wit! \ . vhel gr iu ! I 
vou are now It is not within the power of th 

propel constructed human mind to be satis 
fied. Progress would ceast f this were ! cas 

The greatest joy in life is to accomplish It is 
the getting, not the having. It is the giving, 


not the 


ket ping 


l am a firm believer in the theory that you 
can do or be anything tha vish in this 
rid, within reason, if I ! ed t 
make the sacrifices. think nd work 1 le yg 


ind long enough. 


Banting and the writer first met in the 
early spring of 1921 in the office of Pro- 
fessor J. J. R. Macleod in the Depart- 
ment of Physiology of the University of 
whom we had both come 


there 


Toronto, under 
That 


between LIS, 


close 


began a 
although 


to work dla 


assoclation and 


this 


misunderstandines 


was for a time strained by certain 


closer with 


it grew 
the passing vears. I reeall quite vividly 
how impressed | was with Banting and 
his problem, which was nothing less than 
attack on the to ob 


a frontal pancreas 


tain its elusive internal secretion. My 


own problem, the effect of pH upon the 
blood 
comparison, but I had come to work with 
had 


which even at that time superseded such 


sugar, seemed insignificant by 


a man, whereas Banting a problem 


things as personalities and eraduate 


training. I feel that I was very fortu 
been a worker in Macleod’s 
the that 


first 


nate to have 


laboratory at time Banting 


started his investigations and to 
have known of the progress of this work 
at first hand. He was most anxious that 
I should 
I assured him that 
to do this, but that 


until my 


him 
I would be delighted 
I would have to wait 
chief, Mae 


leod, said the word. Some weeks later. 


become a co-worker with 


revered Professor 
at a time when Banting’s early experi- 
ments, in which he had been assisted by 
C. H. 
my opinion established completely 
Dr. 
me to join in the work. 


yest (now Professor Best), had in 
the 
Macleod asked 
The part which 


existence of insulin, 


I was able to contribute subsequently to 
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the work of the team was 

which any well-trained biochen 
be expected to contribute. ar 
deed 


Banting’s contribution 


very trivial by comparis 
During the past few vears, 


the Nat 


Couneil of Canada, it | 


tion with work of the 


search 
again my privilege, together w 

to be associated with Banting ‘| 
regard in which he was held b 
leagues in the Research Couneil 
on account of his own 


persona 


for his genius In organization 


and leadership, can not be e 
better than in the words of the pi 
of the 
Naughton, 


Corps overseas In i recent} 


MeNauehton s 


Lieutenant-Gene) 


heading the ¢ 


couneil, 
how 


Banting, General 


part : 

I) i ; 7 {y ~ ~ 

} n th dminis { 

d activities ne f1 } 
nees As | med ! S101 | 

lersh ] il ¢ yyy ! 1 
ind generous en rage | 
oured with him nh ef l scler 
modesty almost to fault I 


eatly mussed ‘ 
table, When the dark sl | 
and The Empire 


Ca ada 


the desire for service agal t} 

the field but at my personal request g 

ip unselfishlv to undertake the g 
arch of far reaching importan 

vhich he alone could do | sin ti 


this work that he has g n his 


It is too early for an adequate as 
ment of Banting’s work to be mack 
that at three 


major accomplishments will long b« 


it Is certain least 
the diseove 
insulin, the development of the De) 
ment of Medical Research of the Uni 
sity of Toronto, which has done and 


membered These are 


continue to do notable work of an 
the 
the organization and the earrying-o 


tigational character, and initiat 
research work relating to the war efi 
J. B. Cou 


McGILL UNIVERSITY 
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THE NATIONAL GALLERY OF ART 


March 17, President Roosevelt S 
ited the new National Gallery of = “"" . 
Washington. On the following)... = Sait ayes . 


ng the Gallerv, with the Mellon — Smithsonian Instit 
Kress Collections on view, was (rt 


to the public. The building 


construction for almost four vears Tres ame my = 

recently completed at a cost of cently expressed 
million dollars, was made possible tl nd ¢o | sy 

the gift of the late Andrew W ro om preservat 

Mellon. The dedication, on March 17, % © ine Arts the National Portrait G 

Smithsonian Institution is legally the ry y — 
the National Gallery of Art. including not withis 

ling and its permanent collections Pith so. as t ' 
idy passed to it covering the building, lee tie a 
Mellon and Kress s r} 





‘“*THE ADORATION OF THE SHEPHERDS,’’ BY GIORGIONI 
THIS PAINTING, ALSO KNOWN AS HI ALLENDALI ADORATION, IS CON ) ) oO 
MOST BEAUTIFUL EXAMPLES OF THE ART OF LANDSCAPE DURIN¢ H 

THE KRESS COLLECTION, IT IS REPRESENTATIVE OF Ht I 00 
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ART 


OF 
4 SHOR 


GALLERY 


ATED NATIONAL 


NEWLY 


THE 


CONSTRUCTED OF 


IN WASHINGTON, 


NITED STATES CAPITOI 


I 


rut 


THE MALL At r DISTANCE WEST OF 
FEET. 


38.000 SQUARE 


LIES IN 


rENNESSEF 


PINK 


AREA 


rHE BUILDING, 


MARBLE, 


STRUCTIOD 


ON 


IRED FOR 


REQ!I 


k 


ro ABOUT 2 


AMOUNT 


HIBITION 





consummated the plan formu 
Mr. Mellon during the vears he s 
Washington as secretary of the t 
and later announced in a letter ¢ 
dent Roosevelt in December, 19 
this letter, Mr. Mellon offered 
and to give to the nation an art 
He stipulated that the then propos 
fice should not bear his name but 
be designated as the ‘‘ National ¢ 
of Art.”’ His gift included his co 
of paintings and sculpture, wi 
hoped would become the ‘‘ nucleus 
vreat national collection. The 
accepted by the Act of Congress of 
24, 1937, and a site for the build 
tending along Constitution Ave) 
the Mall from Fourth to Seventh S 
was provided. 

Funds for the maintenance of tl 
lerv, in line with the general pract 
the maintenance of other federa 
seums and art galleries, are to be 
vided by annual Congressional 
priations. 

The architect for the National G; 
of Art was the late John Russell | 


who died a few weeks after the er 
breaking ceremonies in June, 
Pope’s associates, Otto B. Eggers 
Daniel Paul Higgins, of the fin 
Eggers and Higgins of New York ( 
carried the architectural phase otf 
construction to its completion 

Conceived as a repository for 
masterpieces of art, the gallery is 
sidered by critics to be an outsta 
achievement in the field of architect 
art. 

The pattern of the building consist 
two square wings extending from a 
tral rotunda, surrounded by a low < 
Ionic columns supporting broad 
ments on the longitudinal faces of 
structure, suggest classie Greek influ 
in architectural design. In general 
line the gallery is in harmony with ot! 
federal structures along Washingt 
Constitution Avenue. 

In dimensions, the building is 785 
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long and 305 feet wide. It was erected 
on a foundation of 6.700 concrete piles 
It is constructed principally of hard 


surface, rose-white Tennessee marble. 
Completion of the structure required 800 
carloads of this material and represents 


one of the world’s most extensive appli- 


cations of marble in a single building. 
The marble in the walls is graduated in 
color, from strong tones in the lower 
courses to blend imperceptibly mto 


nearly pure white at the cornice 
The main entrance to the building is 


through two twelve-ton bronze doors 
facing Washington’s famous Mall. The 
Mall entrance leads directly to the ro 
tunda, one of the outstanding architec 
tural features of the gallery. The ro 
tunda is one hundred feet in diameter 


and of equal height. The dome, with its 
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vlass-covered oculus, is support 


Vern 


marble, 


lonie columns, carved in 
dark-green Italian 


In the center of the rot 


qual 
Europe. 
fountain surmow 


Bologna’s bre 


from the Mellon ¢ 


ag marble 


ra\ 
Giovanni famous 


ure of Mercury, 


tion, made probably between 157 
Extending east and west fron 

tunda are two large halls or 

almost 75 feet wide and more tft] 


which will contain lare: 
Already in 


feet long, 
of sculpture. place 
west hall are two life-size bronz 
of and Venus <Anad 
made about 1525 at Florence 


They were once part of Nap 


Baechus 
by S 
vino. 
National Collection in Paris, acqi 

him from northern Italy as *‘ war b 


following his successful campaign 





; 
a 
“2 ELEY RO IES ERS 
me ee ee pee eee 
eS eam 
— —— 
S 


— 


THE ROTUNDA OF THE NATIONAL GALLERY OF ART 
SHOWING A SPECIALLY DESIGNED FOUNTAIN SURMOUNTED BY A BRONZE STATUE OF MER‘ 
GIOVANNI BOLOGNA. THIS STATUE IS ONE OF THE THREE CASTS GENERALLY CONSIDERED TO | 
ORIGINALS OF THIS FAMOUS REPRESENTATION OF THE MESSENGER OF THE GODS 


























\ a During an uprising in Paris 
lav. 1871. the 
the great Palais Roval was fired 


with Commune in 


mob. and the statue of Venus was 
n from a window just in time to 
The 


dventure are still visible 


nt its destruction scars of 


Bach of the sculpture halls terminate 
arge and beautifully patterend gar- 


ourt. Seats for the convenience of 

0 ry visitors have been set about the 
ts in the midst of growing flowers 
evergreens. In the center of each 

rt stands one of two well-known foun 


the gardens of the 


palace of Versailles over 250 vears ago 


tains which graced 
modeled 
XIV_ be 
fountains are 
effect 
were part of the decorations for the cele 


These fountain groups were 
the order of 
The 


reneral 


lead on Louis 
1670-1675 


size 


Tween 


similar im and and 


brated ‘*‘Theatre d’Eau’’ at Versailles 
Both are group seulptures; one, by 
Pierre Legros, represents two winged 
cherubs playing with a lvre, and the 


two similar figures at play with an irate 


other, by Jean-Bapt iste depicts 
Swan. 


The two hundred thousand and more 
square feet of exhibition area which ra- 
diates from the main corridors and gar 
den courts provide space for almost one 
hundred separate galleries. 
lighted by 
through 
At night or on 


dark days the paintings and sculpture 


The galleries are natural 


daylight, diffused 
treated glass lay-lights. 


specially 


are illuminated by specially designed 
floodlights placed the 


glass in the ceilings of the galleries 


above diffusing 
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‘**MADONNA AND CHILD 


ROSS 0, , oF 


SCHOO 


The Mellon Collection 
cipal European schools fron 
Vvear 1200 to the early nineteenth centu 


and includes a number of earlv Amet 


inasterpleces The Kress Colleet eX 
hibits Italian painting and sculpture 
illustrates the complete developme 
the Italian schools from the early thin 
teenth century in Florence, Siena and 
Rome to the last creative mome 


Venice at the end of the 
tur 


THE GEOLOGY ALCOVE OF THE SMITHSONIAN'S NEW “INDEX 
EXHIBIT” 


Be- 
sides the air (atmosphere) and the oceans 
the thought 
to consist of a layer of light rock 35 miles 
thick, a layer of heavy rock 1,000 miles 
thick, a zone of iron and stone 1,000 miles 
thick and a central iron core nearly 2,000 


GEOLOGY is the study of the earth. 


hydrosphere ), earth is 





miles in diameter The Smithsonian Ih 


confines its attention, in the 


stitution 


field of geology, largely to the scientific 
problems of the upper laver of 35 miles 
This is perhaps due to its ownership of 
minerals 


; 
fossils. 


extensive collect mons of 


rocks and ores, from this restricted thin 
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skin of our earth 
the 
collections, it devotes much attention to 


Sice, Too, it possesses 


one of world’s few large meteorite 


these rocks from outer space. The geo 
logical display of the new ‘‘Index’’ ex 
hibit is designed to illustrate, in a limited 
way, the research interests of the Smith 
sonian. 

The central motif of the geological ex 
hibit 
with the terrestrial continents, deep buff 


is a large, slowly rotating globe, 
in color, in relief upon a deep blue sea, 
signifving in a simple manner that the 
itself 
the features, both external and internal, 


science of veology concerns with 





A PORTION OF THE GEOLOGICAL 


A REVOLVING TERRESTRIAL GLOBE 


of our own planet. Two brief labels ex- 
plain the constitution of the earth and 
On 
one side of this central motif are selected 
exhibits of the 
paleontology, ‘‘the study of 


the Smithsonian's scope of interest. 
Smithsonian’s work in 
fossil ani- 
mals and plants,’’ and on the other, some 
phases of its interest in mineralogy, ‘‘the 
study of minerals.”’ 

Down the center of the paleontology 
is a column of three small 
showing 


section clio- 


ramas, characteristic 
from for 
the Cenozoic, a three-toed horse and a 
primitive back- 
ground of flowering trees; for the Meso- 


scenes 


three ancient geological eras: 


carnivore against a 


SECTION OF 
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Zoic, ali armored dinosaur avallis 
the Paleo: 
struggle for existence between 


and eveads; and for 
and cephalopods in an ancient sé 
panel shows, as an example, the 
the 
work both in the field and in the 
tory on an extinct lizard from 
taceous epoch, 100.000.000 vears 
of the most 
North America 
of rock 


worked out in relief, and a restorat 


ties of vertebrate paleont 


ancient lizards fi 


This 


articulated sk 


includes 
with two 
the lizard based upon the scientifi 


of these and other skeletons fow 








EXHII 


THE 


TYPIFIES THE 


SMITHSONTIAN’S 
SCIENCE OF GEOLOGY, 

ciated with them. The other panel 
trates some researches in Permian | 
tebrate paleontology, with blocks of 
sil-bearing limestone, both as fou 
the field and as partially prepared 

the 
animals, bryozoans, brachiopods, m« 


laboratory; and remains of 
cans and other forms, with their de 
features preserved in silica for 200,00! 
000 years. 
erease our knowledge of the histo: 


Studies on these forms 
life during this remote period 

On the other side, relating to mu 
ogy in its broadest sense, is a long | 
showing by an illuminated scene a 
teorite in flight, and characteristic 
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THE STUDY OF A FOSSIL LIZARD 
1{0TOGRAPHS SHOW A SMITHSONIAN EXPEDITION IN THI 


TORY. BELOW THESE ARE A PREPAI > SKELETON AND A RESTOR oO 
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SOME MINERALS FROM THE PRINCE OF WALES ISLAND, ALASKA 


AGAINST A PAINTED BACKGROUND OF THE LOCAITI 


viduals of the three main types of these 
strange visitors from outer space: the 
stony, stonyv-lron and iron meteorites 
Below is a panel of crystallized minerals 
from Prince of Wales Island, Alaska; 
epidote, garnet and others against a 
painted background of the locality and a 
small ‘‘telescope’’ in which one can view 
the work of collecting these minerals on 
the distant mountain slope. The speci 
mens were selected, not only to show the 
character of material with which the 
mineralogist works, but the beauty of the 
mineral kingdom as well. A second case 
shows typical silver-lead and silver-gold 
ores from Mexico and some of the min 


ITY ARE ARRANGED SOME O! Ht 
LECTED DURING A SMITHSONIAN EXPEDITION 


erals in well-crystallized groups, t! 
commonly found in these ores. T! 
hibit illustrates the economic min 
of the rich mineral regions of Mex 
which the Smithsonian has long be 
terested. Finally, a small recesse 
shows a brilliant cut gem of topaz 
ing in a dimly lighted recess and a t 
crystal of the same material, bot! 
the gem mines of Brazil 

Each vear the Smithsonian co 
geological explorations and resear 
various parts of the world. Thes 
hibits illustrate some of them 

W. F. Fos 


SMITHSONIAN INSTITUTION 


PALEONTOLOGICAL EXPEDITION INTO THE SOUTH DAKOTA 
BADLANDS 


A COLLECTION of more than 175 fossil 


specimens made last summer in the South 
Dakota Badlands by a joint paleontolog- 
ical expedition of the National Geo- 
graphic Society and the South Dakota 


State School of Mines is undergoing 


study. Preliminary investigations 
workrooms of the Museum of the S 
of Mines indicate that many of the | 
are rare and that several represent 
cles and genera new to science 


believed probable that the two most s 
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CAMP OF THE PALEONTOLOGICAL EXPEDITION IN THE WHITE RIVER BADLANDS 








484 


ing specimens found will fall mto the 


latter group: a rhinoceros skull 28 inches 
and the which 


feet 


skull of a giant pig 
fully eight 


long, 


measured, when alive 

from snout to tail 
Among other specimens found by the 

bones of tapirs, 


the re 


expedition were fossil 


little three toed 


horses 


eracetul 


ancestors oft present day horses 


mote 
protoceros (remotely related to deer and 
antelope), the little-known ancodus and 
a number of small rodents. Rarest of the 


specimens are bones of birds only a few 


have previousl\ been found in the Bad 
lands. The prize find, which may belong 
may be of 


still firmly, 


in this group or which rep 


tilian origin, was a fossil egg 
held in its matrix of rock. A few plant 
fossils were found : fossil hackberry seeds 
and petrified hackberry wood 

Led by Dr 


dent of the School ot 


1D). Bump, curator of the museum, the ex 


Joseph P. Connolly, presi 


Mines, and James 


pedition, including seven other members, 


established camp in a_ fantastically 


eroded region 25 miles from the nearest 


highway. Their work was carried on in 


the summer sunshine, where mid-after 
noon temperatures frequently reached 
120 and 130 degrees Fahrenheit some 
of the heaviest specimens were found 


near the tops of high, slender pinnacles 


THE PAPER-MAKING MACHINE 


Paper has become a vital necessity in 
Without 


valueless, 


our daily lives. it, printing 


would be almost knowledge 


would be obscure, and countless indus- 
tries would be at a standstill 

There are many people using it every 
day and depending on it for a livelihood 
who have never visited a factory or given 
a thought to how it is made. They have 
never watched the tremendous speed of 
the gigantic machines as they turn it out 

a thousand feet a minute—two tons in 
a single day. 

For those who know nothing about the 


processes of paper-making and do not 
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lowered 7) 


and had to be 
tackle. 

The material collected by th 
tion is particularly rich in ra 


work 


reological formations in which y 


mens because the Was 


work has been done heretofor 


are the Channel Sandstones, si 


cause the beds were formed by 
filling stream channels worn it 
surfaces In Oligocene times, prol 
million vears ago. The surround 


now turned to shale—is soft 
worked. and 
of the Badlai 
mens previously collected 

In the 


School of Mines, the specimens ai 


much more easily 
have come most 


museum workrooms 


placed one after another on the ** 
Eacl 


vards of bandages which were so 


ing table.”’ iS protected hb 


‘soup.’ Thes 
stiffen het 


a plaster of paris 
dages were allowed to 
moval from the field, and furnish 
protecting shells for the specime 
the workrooms the bandages are 

Inatrix, wi 


away, and the rocky 


partly envelops the specimens, is 
fully removed with chisels, dentists 
and scrapers. As areas of the foss 
are exposed they are lmpregnates 
to harde) 


M 


a thin solution of shellac 


INSTITUTE 


live near a mill, the Franklin Inst 
in Philadelphia has on permanent 
hibition a scale model 
machine of the Fourdrinier type 


the only one of its kind in the world 


paper-n 


demonstrates to the visitors how pa 


made in an easy understandabl 


the 


find in a large factory where just 


without even confusion one 
the thirty dryers is taller than the 


age man. This useful model is so 
that all the stages of paper-makin: 
be seen in a glance, and yet so larg 
each individual procedure can be 


fully examined. 
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AN EXPERIENCED PAPER-MAKER DEMONSTRATING 
FRANKLIN INSTITUTE VISITORS 
“l on a steel table eighteen fe pounds an | 
and four and one half feet wide trolled by pusl 
lachine makes five leet ol papel al Val ab te si 
e, eleht and one quarter inches ture of woo 
and can produce three or fom sed in the sma 


SCALE MODEL FOURDRINIER PAPER-MAKIN( 
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Is complete with a motor-driven pump, took out patents for the first A 
miniature drvers and press felts paper machine, and examples 
Until the early part of the nineteenth paper he made on it were display 
century, paper had been made almost en ope ning exhibition of the Fra) 
tirely by hand, but at that time a French stitute. Ten years later, Allen 
man, Louis Robert, and several other liam Curtis were operating tw 
men were granted patents for paper drinier machines, which they } 
making machines Shortly afterwards chased in England, at their m 


the invention was taken to England, Charles River 
Since those early davs, The 
States has taken the lead in t} 


facture of paper, and now, just 


where a new company, backed by two 


English stationers, Henry and Seeley 
Fourdrinier, began building machines in - 
1807 which were sent to other parts of after David Rittenhouse started 
the world bearing the name of the finan mill near Philadelphia, this count 
ciers duces more paper than the rest 


orld Co ) ef . , 
In 1816, John Gilpin, of Philadelphia, ™“ rid combined Emity D. Wa 


BOMBPROOF SHELTERS 


NEARLY a vear ago the American pub- have separate sleeping rooms 
lic was thrilled at the president’s blithe and women, it must have telep! 
reference to our producing 50,000 mili munication with the outside, it mus 
tary airplanes per vear and at Mr more than one exit, ete 
Ford’s alleged statement that he could What about the cost of bor 
manufacture 1,000 a day. Now bomb- structures? For those that ar 


proof shelters are called for with similar bombproof the cost has been es 
disregard for serious difficulties to be of the order of $100 per 

For a structure to be really bombproof or about $66,000,000 for sucl 
its cover and sides must be of five to ten as Washineton The enormous 


feet of reinforced concrete or its equiva monev 1s only a minor part of the 


! 
it 


lent. It must be proof against poison gas lem of providing bombproof shelte: 
from the outside, and it must have un our great cities. The diversion of s 
failing facilities for ventilation. It must labor in their construction and the 
have an unfailing lighting system, it on materials essential for other pw 
must have water and sanitary conveni- would disrupt any adequate defens: 
ences with unfailing drainage to avoid gram. If our forests were not s 
drowning in case water pipes are broken, pleted we might take to the woods 
it must have a first aid station, it must F.R.M 


ZWICKY’S SYSTEMS IN SEXTANS AND IN LEO 


THE SCIENTIFIC MONTHLY for November, them on photographs with the 18-inch S 
1940, contains an article entitled ‘‘ Problems of reflector, as objects which fulfilled his «© 
Nebular Research’’ written by me and illus for dwarf systems of the type in question 
trated by Mount Wilson photographs. Two Dr. Zwicky assembled a list of such 


for further investigation with large teles 
Dr. Baade, with the 100-inch, verified the 


fication of the two svstems under discuss 


unusually interesting dwarf irregular nebulae, 
shown on plates facing pages 399 and 401, are 
called ‘*‘Baade’s System in Sextans’’ and 
‘*Baade’s System in Leo,’’ respectively. at the same time determined their distance 
These designations are incorrect. They should The matter of nomenclature is import 


a . . vart ‘ le ‘ 8 
be ‘<Zwickv’s Svstem in Sextans’’ and cause these dwarf systems may play a 


‘*Zwicky’s System in Leo.’’ Both nebulae were cant role in cosmological theory The reg 


discovered by Dy Fritz Zwicky, of the Cali 


fornia Institute of Technology, who identified 


ble error was called to my attention 


Baade and Dr, Zwicky. Epwin Ht 








